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Abstract 
 The chronology and processes that led to the formation of the Jules Geosol were 
previously not well understood. This last glacial paleosol developed in thick loess deposits 
(Peoria Silt) proximal to the Illinois River Valley around the time of the last glacial maximum. 
Two sites, New Cottonwood School and Thomas Quarry, which contain the Jules Geosol, were 
selected along the Illinois Valley to develop new chronologies of Peoria Silt deposition and 
measure changes in geochemical and geophysical properties, as well as gastropod assemblages 
across the Jules Geosol and bounding Peoria silt units. Peoria Silt was deposited between 28,500 
and 18,800-16,000 cal yrs BP and the Jules Geosol formed between 23,735 ± 295 and 22,010 ± 
240 cal yrs BP, almost 5,000 years older than prior measurements. Clay mineralogy, grain size, 
and magnetic susceptibility show primary loess was finer and from a distal Mississippi Valley 
source during Jules Geosol development. Mutual climatic range (MCR) assessments and relative 
abundances of gastropods indicate mean July temperatures were fairly constant through the Jules 
Geosol at both New Cottonwood School and Thomas Quarry. Measurements of shell δ18O also 
exhibit no significant changes during the formation of the Jules Geosol at New Cottonwood 
School. However, δ18O values of shells from Thomas Quarry decrease by 2‰ from the lower 
Peoria to the middle Peoria coincident with an abrupt shift in magnetic susceptibility related to 
the diversion of the Mississippi River and regional ice sheet advance. We thus conclude the Jules 
Geosol formed due to a decrease in the supply of Illinois Valley silt rather than climate 
variability. However, a coincident abrupt shift in glacial sediment source and δ18O at the time of 
the Mississippi diversion suggests a tight coupling between regional ice sheet dynamics, loess 
deposition, and climate in this region during the Last Glacial period. 
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Introduction 
Loess deposits are an important tool for determining paleoclimate in China (An et al., 
1991; Gallet et al., 1996; Chen et al., 1997; Porter, 2001; Chen et al., 2014), Europe (Rousseau, 
1991; Mestdagh et al., 1999; Pustovoytov and Terhorst, 2004; Molodkov and Bolikovskaya, 
2009; Buggle et al., 2009), and North America (Oches et al., 1996; Wang et al., 2000; Muhs and 
Bettis, 2003; Karlstrom et al., 2008; Muhs et al., 2013; Rovey and Balco, 2015). Paleosols, 
which are also useful markers of climate and depositional histories, are often preserved in these 
loess deposits (Wang and Zheng 1989; Velichko, 1990; Bolikhovskaya, 1991; Forman et al., 
1992; May and Holen, 1993; Gallet et al., 1996; Jahn et al., 2001; Rutter et al., 2006; Markovic 
et al., 2008; Buggle et al., 2009; Jacobs et al., 2009; Rovey and Balco, 2015). In North America, 
average loess deposits during the last glacial maximum (LGM) are thicker than in most other 
areas of the world and therefore can provide a detailed environmental history of this time (Bettis 
et al., 2003).  The use of fossil gastropod assemblages preserved in loess deposits, coupled with 
increasingly precise radiocarbon ages from shells, provides the potential to link loess deposition 
rates and environmental changes across a region  (Rousseau and Kukla, 1994; Rossignol et al., 
2004; Pigati et al., 2010; Rech et al., 2011).  
In Illinois, loess-paleosol sequences are thickest closest to major river valleys, such as the 
Illinois and Mississippi, where braided meltwater streams transported much of the glacial 
outwash originating at the Laurentide Ice Sheet (LIS) terminus (Hansel and Johnson, 1996). 
These thick loess deposits along the Illinois and Mississippi Valleys preserve weakly developed 
paleosols that are not found throughout thinner loess deposits which blanket the top of 
Pleistocene deposits in much of the state (Frye et al., 1974; Hansel and Johnson, 1996; Wang et 
al., 2000). The Jules Geosol is an equivocal paleosol preserved only in these thick loess deposits 
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along the Illinois River valley. Also referred to as the Jules Geosol complex because of its 
apparent alternating layering of A-C horizons in some sections, it is a partially leached cumulate 
soil complex with a silt loam texture and blocky to crumbly structure, but lacks B-horizon 
development (Willman and Frye, 1970; Frye et al., 1974; McKay, 1977). The Jules Geosol has 
been used as a marker in Illinois Valley loess to signify the division between the informal upper 
and middle Peoria units (Grimley et al., 1998) or between clay mineralogical zones (Frye et al., 
1968). The timing of the Jules Geosol development remains uncertain but early estimates from 
gastropod shell ages placed soil formation between 15,500 and 16,500 14C years BP, or 18,700-
19,900 cal yrs BP (Frye et al., 1974; Grimley et al., 1998). The reason for soil development was 
originally postulated to be a decrease in Lake Michigan Lobe outwash discharged to the Illinois 
Valley (Frye et al., 1974). Originally this decrease in outwash was attributed to the retreat of the 
Lake Michigan Lobe into the Lake Michigan basin and trapping outwash into proglacial lakes 
(Frye et al., 1974). However, new chronologic control on the movement of the Lake Michigan 
Lobe provides evidence that ice was still within the Illinois Valley watershed at the time of Jules 
Geosol development (Curry and Caron, 2016). Therefore, this original hypothesis on the timing 
and processes that led to the development of the Jules Geosol should be reevaluated within the 
greater context of the Lake Michigan Lobe chronology.   
The classic model for glacial loess deposition in environments such as the Illinois Valley 
follows the basic pattern of silt production, deflation, entrainment and transportation, and 
deposition (Muhs and Bettis, 2003). Silt sized grains are likely formed by multiple processes 
including frost shattering, fluvial comminution, eolian abrasion, and ballistic impact but, the 
majority of silt production is likely caused by glacial grinding (Wright et al., 1998; Muhs and 
Bettis, 2003). After production these silt grains are continuously reworked through glacial 
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outwash systems, such as the braided streams that occupied the Illinois Valley around the time of 
the LGM, until they are temporarily deposited and deflated on a stable landscape and able to be 
entrained by wind (Pye, 1996). Loessal silt grains and aggregated clays are susceptible to 
ejection from the surface and entrainment in winds by saltating sand particles (Pye et al., 1996). 
Once silt and clay sized particles are entrained by wind they travel through pockets of turbulent 
air masses until the wind velocity decreases enough to allow particles to settle. Vegetation acts as 
an effective loess trap because it creates an area of very low wind velocity below the canopy 
effectively not allowing dust particles to escape and building up over millenia (Tsoar and Pye, 
1987). Smaller particles will travel higher in the atmosphere, effectively avoiding rough surface 
traps, and can be transported globally (Tsoar and Pye, 1987; Grini et al., 2005). 
 The movement of the Lake Michigan Lobe has a large control over the deposition of 
loess within Illinois (Grimley, 2000; Curry et al., 2011). The chronology of Peoria Silt deposition 
along the Illinois Valley as the Lake Michigan lobe advanced into its drainage basin remains to 
be fully resolved (Hansel and Johnson, 1996; Grimley et al., 1998). Therefore, Peoria Silt 
deposition provides a record for the presence of ice within the Illinois Valley drainage basin, but 
this record cannot currently be compared chronologically to the record of ice movement because 
of the absence of reliable ages throughout loess deposits. To verify the Frye et al. (1974) 
hypothesis of Jules Geosol development requires chronologic correlation of the Jules Geosol, as 
well as the bounding Peoria Silt, and the position of the Lake Michigan Lobe.  
 The Lake Michigan Lobe was mostly responsible for the deposition of glacial sediment 
within Illinois during the last glaciation (Hansel and Johnson, 1996; Willman and Frye, 1970; 
Curry and Petras, 2011; Curry et al., 2011). Following the diversion of the Mississippi River to 
its present course around 24.5 ka (Curry, 1998), the Lake Michigan Lobe was the sole glacial 
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lobe supplying sediment to the Illinois River valley; however, before this time the Superior and 
Wadena Lobes were supplying some sediment to the ancestral Mississippi River which occupied 
the valley (Grimley, 2000). Consequently, Peoria Silt deposits along the Illinois Valley exhibit 
mineralogical characteristics that are common to Lake Michigan Lobe deposits (Frye et al., 
1974; Curry et al., 2011), including high percentages of illite relative to expandable clay 
minerals and dolomite above the lower Peoria (McKay, 1977; Grimley, 2000). However, the 
lower Peoria Silt, deposited prior to the Mississippi River diversion, is characterized by higher 
percentages of expandable clays and a higher magnetic susceptibility due to contributions of 
more northern and western glacial lobes (Grimley et al., 1998; Curry, 1998; Grimley, 2000). 
After the advance of the Lake Michigan Lobe diverted the Mississippi River to it current 
position, this Lake Michigan Lobe mineralogical fingerprint characterized glaciogenic sediments 
deposited in Illinois. An exception to this general mineralogical fingerprint after the Mississippi 
River diversion is the Jules Geosol, which had an increased proportion of expandable clay 
minerals relative to the percentage of illite (Frye et al., 1974).   
 The stratigraphy of Peoria Silt proximal to the Illinois Valley has been well documented 
in studies of Quaternary deposits in Illinois (Willman and Frye, 1970; Frye and Willman, 1973; 
McKay, 1979; Hansel and Johnsen, 1996; Grimley, 1998). Many studies have been conducted 
attempting to break down the stratigraphy of the Peoria Silt proximal to the Illinois Valley into 
several informal units using clay mineralogy (Frye et al., 1968), percentages of dolomite 
(McKay, 1977), and magnetic susceptibility (Grimley et al., 1998). Each method provided ways 
to correlate zones of Peoria Silt across different sites and provided a framework for interpreting 
changes in the character of Peoria Silt deposits proximal to the Illinois Valley both temporally 
and spatially. The informal nomenclature of upper, middle, and lower Peoria Silt devised by 
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Grimley et al. (1998) is used to separate Peoria Silt into 3 zones. The upper Peoria extends from 
the modern soil that developed into Peoria Silt to the upper contact of the Jules Geosol. The 
middle Peoria is bound by the upper contact of the Jules Geosol and the Mississippi River 
diversion, which is expressed in Peoria Silt along the Illinois Valley as a sharp decrease in 
magnetic susceptibility and increase in the percentage of illite (Grimley et al., 1998). The Jules 
Geosol is entirely contained within the middle Peoria but for the purpose of explaining its 
development in this study it will seen as its own zone. The lower Peoria is defined by Grimley et 
al. (1998) as the portion of the Peoria Silt extending from below the Mississippi River Diversion 
to the upper contact of the Farmdale Geosol, which underlies Peoria Silt. 
Peoria Silt was deposited during the late Wisconsin Episode (Hansel and Johnson, 1996). 
Early age estimations suggested that loess deposition lasted from 22,000-12,500 14C years BP 
(Leighton, 1965) and it was assumed that Peoria Silt was deposited continuously throughout this 
time (Willman and Frye, 1970). Other estimations of the Peoria Silt age in Illinois indicates 
deposition occurred from 25,000 to 12,500 14C yr BP, or from 29,000 to 14,700 cal yr BP 
(McKay, 1979). However, more recent ages of Peoria Silt (Pigati et al., 2015) indicate that the 
deposition of loess along the Mississippi Valley could be older than that range. A shell 3.4 
meters below the surface at a loess site near Morrison, IL was dated at 18,800 cal yr BP (Pigati et 
al., 2015). There is little stratigraphic context for this age other than depth so it cannot be directly 
compared to earlier age estimates, but this older age at a shallower depth than expected provides 
motivation to reinvestigate ages of Peoria Silt in the Illinois Valley. Improvements in mass 
spectrometry, pretreatment protocols, and selection of specific gastropod families for 
radiocarbon dating of shell carbonate are likely reasons for differences in reported ages. 
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Replication of Peoria Silt chronologies in the Illinois Valley are necessary to properly assess 
chronology and rates of deposition with these improved protocols and techniques. 
Gastropod shells preserved within the thickest deposits of Peoria Silt in the Illinois 
Valley are not only useful for radiocarbon dating (Pigati et al., 2010; Rech et al., 2011, Pigati et 
al., 2015) but also for environmental and climate reconstructions (Leonard and Frye, 1960). 
Oxygen and carbon isotopes in shell carbonate have been used in both modern (Kehrwald et al., 
2010; Prendergast et al., 2015; Yapp, 1979; Zanchetta et al., 2005) and fossil snail shells 
(Colonese et al., 2010; Colonese et al., 2013; Goodfriend, 1992; Yanes et al., 2012; Zaarur et al., 
2011) to understand climate variability around the world. Land snail assemblages are also 
usefully for reconstructing the environmental conditions during loess deposition because most 
snails prefer to live in species-specific habitats (Leonard and Frye, 1960; Moine et al., 2002; 
Rossignol et al., 2004; Rousseau, 1987; Rousseau and Kukla, 1994).  
The main goals of this present study are (1) to improve the chronology of Peoria Silt 
deposition and Jules Geosol soil development along the Illinois Valley, (2) to explain the 
processes and conditions that led to the development of the Jules Geosol, and (3) to investigate 
paleoenvironmental and paleoclimatic changes recorded within the Peoria Silt loess-paleosol 
sequence. 
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Study Sites 
 
 Two sites were selected on an upland adjacent to the Illinois River Valley to investigate 
the timing and processes of Jules Geosol formation (Figure 1). The criteria used to select these 
sites were based on the occurrence of the Jules Geosol and the abundance of gastropod fossils 
(Leonard and Frye, 1960; Frye et al. 1974; Grimley et al., 1998). The Jules Geosol is unique to 
only the thickest deposits of Peoria Silt along the Illinois Valley (Willman and Frye, 1970). 
Well-preserved gastropod shells are also only found in the thickest deposits of Peoria Silt 
(Leonard and Frye, 1960). Therefore, sites were limited to those uplands immediately adjacent to 
the Illinois Valley deflation source to sample the thickest loess sections that were able to 
comprehensively preserve both gastropod shells and the Jules Geosol. The two new sites, New 
Cottonwood School and Thomas Quarry, were also selected from other potential sites along the 
Illinois Valley because of the availability of previous research (Willman and Frye, 1970; Frye et 
al., 1974; Grimley et al., 1998). 
 The New Cottonwood School (40°1'24"N, 90°17'25"W) outcrop is located 150 m east of 
the original Cottonwood School site described by Willman and Frye (1970)  (Figure 1). The 
outcrop was split into two sections NCSA and NCSB mostly due to talus slopes below NCSA 
preventing any deeper sampling of in-situ loess (Figure 2). Peoria Silt is ~12.9 m thick at the 
original, uneroded Cottonwood School section (Willman and Frye, 1970; Grimley et al., 1998). 
This new outcrop, formed recently as increased run-off from tile draining and agriculture 
produced a gully 20 meters long, 4 meters wide, is 5 meters deep at the deepest point. The top 
meter of sediment is the leached modern soil solum, but is slightly disturbed from the creation of 
a berm for sediment control. Up to meter of the modern soil developed in the uppermost Peoria 
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Silt may be missing. The Jules Geosol has a relatively abrupt upper contact averaging 2.7 meters 
below the ground surface and is ~0.8 meters thick (Figure 3). 
 A deep sediment core was collected 200 m southwest of the New Cottonwood School site 
(40°1'22"N, 90°17'34"W) on a flat, undisturbed landscape. Peoria Silt constituted the top 13.3 
meters out of a total of 21 meters of sediment collected. The upper contact of the Jules Geosol 
was located at 3.88 meters below the surface, a difference of 0.65 meters. The thickness of the 
modern soil in the Cottonwood School core was 1.82 meters, about 0.8 meters thicker than the 
NCS section. The differences in both modern soil thickness and Jules Geosol stratigraphic 
position relative to the surface are evidence that the section at NCS is missing at least 0.65 
meters of topsoil.  
 Thomas Quarry (39°31'12"N, 90°30'57"W) is an active limestone quarry ~60 km further 
south along the Illinois River Valley (Figure 1). The 8.5 m thick Peoria Silt formation was 
previously exposed here along the westward facing wall of the original pit, along with the 
underlying Roxana Silt (Grimley et al., 1998). The original section is no longer accessible, so 
two sections along the northward facing wall of the original pit were sampled (Figure 2). The 
first section (TQA) sampled had a complete record of the lower Peoria. However, a combination 
of natural or anthropogenic (from mining) erosion, has removed the entire upper and most of the 
middle Peoria Silt, which included the Jules Geosol (Figure 2). The second section (TQB) 
sampled was 46 m east of the TQA section and closer to the highest topographic point on the 
bluff. This section provided a more complete exposure of Peoria Silt including the lower and 
middle Peoria and extending up through the Jules Geosol (Figure 3). The Jules Geosol extended 
into the modern soil at the TQB section and therefore took on a different appearance and was 
less distinctive in the field than the Jules Geosol at New Cottonwood School. Slight changes in 
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the pedologic structure, cohesiveness of the silt, and increase in secondary carbonate and clay 
were field ecidence that suggested we had sampled through at least the base of the soil.  
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Materials and Methods 
Field Methods 
 Both New Cottonwood School and Thomas Quarry sections were cleaned and measured 
prior to sampling. At New Cottonwood School measurements were made starting with the 
modern surface as 0 m. At Thomas Quarry, the TQA section was measured form the modern 
surface as 0 m, while the TQB section was measured up from the contact of Peoria and Roxana 
Silts as a baseline because. The TQA and TQB sections were combined to a common depth scale 
using the height from the Roxana Silt and verified by correlations of magnetic susceptibility. 
Samples of loess were collected at both 10 cm and 25 cm resolution for both the New 
Cottonwood School and Thomas Quarry sections. Cloth bags were used to collect 250 g of 
sediment at 10 cm intervals for particle size, magnetic susceptibility, and clay mineralogy. 
Plastic gallon bags were used to collect approximately 10 kg of sediment at 25 cm intervals for 
gastropod fossil surveys. Gastropod shells protruding from the walls of outcrops (generally 
Succinea sp.) were collected for radiocarbon dating and isotopic measurements after exact 
collection depths were recorded.  
Radiocarbon dating 
 Radiocarbon dating of gastropod shells was used to construct age models for both sites. 
Small (5-10 mm) Succinea sp. shells were used for all 23 radiocarbon dates from both New 
Cottonwood School and Thomas Quarry (Nekola, 2005). Shells were pretreated using 2-3 cycles 
of an ultrasonic bath in deionized water followed by acid etching using 10% HCl until all 
secondary carbonate minerals and stains were removed from shells (modified from Pigati et al., 
2010). Radiocarbon measurements were made at the University of California-Irvine using the 
NEC 0.5MV 1.5SDH-2 accelerated mass spectrometer.. Dates were calculating using a half-life 
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of 5568 years for 14C decay. Age models were producing using the Bacon age model program 
(Blaauw and Christen, 2011) and the IntCal13 calibration curve (Reimer et al., 2013).  
Particle Size 
For grain size analysis, 5 g of sediment was sampled at 10 cm intervals. Secondary 
carbonate nodules were removed mechanically by sieving through a 250 µm sieve. Samples were 
dispersed in a mixture of distilled, dionized water and 0.5% sodium hexametaphosphate 
[(NaPO3)6] solution for 48 hours prior to measurements. Mechanical dispersion of the sediment 
was done by vigorously shaking the centrifuge tube for 90 seconds before pipetting samples into 
the instrument. Particle size measurements were made on a Malvern Mastersizer 3000 in the 
Department of Geology at the University of Illinois Urbana-Champaign. A standard operating 
procedure (SOP) was developed for Peoria Silt, which included the parameters summarized in 
Appendix B. Principal Component Analysis (PCA) was used to determine the dominant patterns 
of variability in the grain size matrix. Volume percentages of grains in each grain size class were 
also used to develop a ratio of coarse and medium silt to fine silt and clay (31.1-12.7µm)/(11.2-
1.2µm).  
Magnetic Susceptibility 
 For magnetic susceptibility measurements made at 10 cm intervals, sediment was lightly 
crushed using a mortar and pestle and then dry sieved to remove particles greater than 2 mm. 
Magnetic susceptibility measurements were made using the mass susceptibility method (Mullins, 
1977) on a Bartington MS2 magnetic susceptibility meter. Sieved sediment was loaded into 
plastic cubes, weighed, and measured twice. The average measurement was divided by the 
weight of the sediment and multiplied by 10 to calculate the final measurement in m3•kg-1.  
Clay Mineralogy 
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 Samples for clay mineralogical analysis were subsampled at 30 cm intervals from New 
Cottonwood School and extended through the Peoria Silt by subsampling the Cottonwood 
School Core at the same interval. Clay mineralogy procedures and calculations are based on 
methods of Hughes et al. (1994) and Moore and Reynolds (1997), using the glass slide method. 
Glycolated, oriented aggregated slides of the < 2 µm fraction were analyzed at the Illinois State 
Geological Survey using a Scintag X-ray diffractometer (XDS 2000 with a theta-theta 
goniometer). The proportion of clay minerals was calculated from peak intensities as a 
percentage of phyllosilicates (smectite,illite, kaolinite, and chlorite) within the clay-size fraction.  
Gastropod Shell Isotopes 
 Measurements of oxygen and carbon isotopes from shell carbonate were made on a 
Finnigan Mat Delta E isotope ratio mass spectrometer. Succinea sp. shells that ranged in size 
from 5-10 mm in length were used for all isotopic measurements. Shell carbonate was pretreated 
with the same process for radiocarbon dating modified from Pigati et al. (2010). Pure aragonite 
shell fragments were then ground into a homogenized powder using an agate mortar and pestle. 
45 ± 5 µg aliquots were weighed out before samples were loaded into the mass spectrometer. The 
laboratory error (precision) for δ18O was ±0.2‰, while δ13C error was ±0.1‰. Measured 18O/16O 
and 13C/12C ratios were converted to delta notation,  
                                                𝛿 = !!"#$%&!!!"#$%#&%!!"#$%#&% × 1000‰                                    (1) 
using the VPDB standard.  
Gastropod Fossil Assemblage 
The ecology of gastropod fossil assemblages was determining using similar methods to 
Rossignol et al. (2004). Approximately 10 kg of sediment was wet sieved through a 0.5 mm 
sieve to separate gastropod shells from loess mineral grains. Shells and secondary carbonate 
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grains larger than 0.5 mm were then dried in a 100° C oven for 12 hours. Shells were 
mechanically separated from remaining grains by hand. Shell species were identified by 
morphologic differences and comparisons to reference collections (A. Byron Leonard and Frank 
C. Baker Pleistocene gastropod collections at the ISGS and INHS [Illinois Natural Histoy 
Survey]) and published field guides of modern and Pleistocene terrestrial gastropods (Baker, 
1939; Leonard and Frye, 1960; Burch and Jung, 1988). The quantities of whole adult shells were 
then counted for each species.  
Mutual Climatic Range 
 Temperature reconstructions were made using the mutual climatic range (MCR) of 
gastropods (Moine et al., 2002). Modern North American ranges of gastropods from our species 
assemblages were limited to areas east of the 100° W line of longitude to exclude low latitude, 
high elevation refugia sites of some arctic gastropod species, such as Columella alticola. Areas 
south of the continental USA were also excluded. Northern and southernmost limits on the range 
of each individual gastropod species were compiled from a published range maps (Nekola and 
Coles, 2010; Hubricht, 1985; Discoverlife.org, accessed April 2016). The geographical location 
of these range limits were used to find the mean July temperature using time series of monthly 
observations from the University of East Anglia Climatic Research Unit (Harris, 2008). 
Temperature reconstructions were limited to July because snails are most active during summer 
when temperature and moisture conditions were optimal (Riddle, 1983). Succinea sp. shells were 
not used in MCR reconstructions because without soft body parts these shells can only be 
identified down to the genus level. The Succinea genus ranges across all of North America so 
without the identification of specific Succinea species on range would be useful in reconstructing 
temperatures with MCR. These temperatures provide a modern range of temperatures that each 
	 14	
species inhabits today. MCR uses the overlap of these ranges of temperatures to estimate the 
range of possible temperatures a fossil assemblage could have inhabited. 
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Results 
 
 Twenty-three radiocarbon dates (Table 1) across two sections of Peoria Silt along the 
Illinois Valley have substantially improved the regional chronology of loess deposition. I found 
that Peoria Silt was deposited between 28,500 and 18,800-16,000 cal yrs BP, with the Jules 
Geosol forming between 23,735 ± 295 and 22,010 ± 240 cal yrs BP. Average sediment 
accumulation rates at New Cottonwood School were 1.2 mm/yr for the upper Peoria, 0.4 mm/yr 
in the Jules Geosol zone of the middle Peoria, and 1.2 mm/yr for the middle Peoria. Average 
sediment accumulation rates at Thomas Quarry were 0.5 mm/yr for the Jules Geosol and Middle 
Peoria, and 1.0 mm/yr for the Lower Peoria. Age models constructed in the Bacon age model 
program (Blaauw and Christen, 2011) for both sites are shown in Figure 3.  
 Data from magnetic susceptibility (MS) measurements across New Cottonwood School 
and Thomas Quarry are presented as a time series in Figures 5 and 6A. At New Cottonwood 
School the Upper Peoria had an average MS value of 34 x 10-8 m3/kg, the Jules Geosol had an 
average MS value of 25 x 10-8 m3/kg, and the middle Peoria had an average MS value of 24 x 10-
8 m3/kg. MS values steadily decreased from the ground surface downwards through the upper 
Peoria, plateauing around 25 m3/kg at the Jules Geosol. At Thomas Quarry the middle Peoria, 
including the Jules Geosol had an average MS value of 35 x 10-8 m3/kg and the lower Peoria had 
an average MS value of 58 x 10-8 m3/kg. MS values for both the Jules Geosol and middle Peoria 
are significantly higher at Thomas Quarry versus New Cottonwood School. However, both sites 
showed a similar trend of decreasing MS values from the ground surface downward.  
 Magnetic susceptibility curves were used to correlate stratigraphic zones between TQA, 
TQB, and data from Grimley et al. (1998) (Figure 7). The lower-middle Peoria Silt contact or 
Mississippi River diversion event, representing a major change in sediment provenance, was 
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used as an anchor point to tie together the 3 sections stratigraphically. The curves were matched 
visually allowing for stratigraphic interpretations to take place across the three sections. The 
correlation of MS across the three sections also provided a framework to interpret radiocarbon 
ages across sections and compile them into the age model.  
 Particle size data from the New Cottonwood School and Thomas Quarry sections are 
presented in Figure 5B, 6B, 8 and 9. Through At New Cottonwood School the upper Peoria had 
an average median particle size of 29.4 µm, the Jules Geosol zone had an average median 
particle size of 22.5 µm, and the middle Peoria (below the Jules Geosol) had an average median 
particle size of 28.1 µm (Figure 8). The average median particle size and particle size ratio both 
decreased in the Jules Geosol relative to the stratigraphically adjacent upper and middle Peoria 
Silt at New Cottonwood School (Figure 5B). At Thomas Quarry the lower Peoria Silt had an 
average median particle size of 36.9 µm at two sections. The average median particle size of the 
middle Peoria Silt at Thomas Quarry was 35.0 µm, while the average median particle size of the 
Jules Geosol was 30.2 µm. Similarly to New Cottonwood School, at Thomas Quarry a decrease 
in median particle size and particle size ratio was observed within the Jules Geosol. PCA 
analysis showed particles ranging between 1.2 -11.2 µm are explained by the first principal 
component and particles ranging between 12.7-31.1 µm are explained by the second principal 
component. These two contrasting sets of particle size classes were used to create the particle 
size ratio (31.1-12.7 µm /11.2-1.2 µm) at both New Cottonwood School and Thomas Quarry 
plotted in Figure 5B and 6B. 
 The proportions of illite, expandable clays, chlorite, and kaolinite are presented as a time 
series in Figure 5C. The most abundant clay mineral in Peoria Silt at New Cottonwood School 
was illite but the relative abundance of this mineral decreased by 10% throughout the Jules 
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Geosol, while the percentage of expandable clays increased by 10%. Kaolinite and chlorite were 
minor clay minerals amounting to only 10% of clay minerals combined. Kaolinite and chlorite 
did not vary throughout Peoria Silt deposition and Jules Geosol soil development.  
 Gastropod shell δ18O values from New Cottonwood School have vary between 1.5‰ and 
-1.5‰ (Figure 5D). Shells from the upper Peoria had an average δ18O value of 0.11± 0.74‰. 
These δ18O values have the highest variance, 0.54‰, than shells from the other two zones: shells 
from within the Jules Geosol had an average δ18O value of 0.03 ± 0.60‰ while shells from the 
middle Peoria had an average δ18O value of 0.02 ± 0.62‰. The δ13C values of these shells 
ranged from -5.04‰ to -8.20‰ (Figure 5E). Upper Peoria average δ13C values were -6.57 ± 
0.60‰. This average δ13C value was similar, -6.61 ± 0.80‰, within the Jules Geosol. Shells 
from below the Jules Geosol had an average δ13C value of -6.06 ± 0.56‰, the lowest of all δ13C 
values from the New Cottonwood School Section.  
 δ18O and δ13C measurements from Thomas Quarry are presented in Figures 6C and 6D, 
respectively. Shell δ18O values from Thomas Quarry follow a trend that matches MS 
measurements (Figure 6). These δ18O values decrease from an average of 1.53 ± 0.53‰ to 0.31 ± 
0.38‰ after the diversion of the Mississippi River. These post diversion (middle Peoria) δ18O 
values are similar to concomitant δ18O values from New Cottonwood School. Thomas Quarry 
gastropod shell δ13C values range from -4.73‰ to -7.45‰. The average δ13C values below the 
Mississippi River diversion was -6.21 ± 0.78‰, while the average δ13C value above the 
diversion was -6.88 ± 0.55‰. The measurements of δ18O values (Figure 8) and δ13C values 
(Figure 9) from both New Cottonwood School and Thomas Quarry show little change in median 
values with the exception of the large decrease in δ18O following the Mississippi River diversion. 
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 Over 1500 terrestrial gastropod shell individuals were identified from both New 
Cottonwood School (Figure 10) and Thomas Quarry (Figure 11) sections to reconstruct the 
ecological community of land snails (Table 2). There were a total of 12 and 9 unique species at 
New Cottonwood School and Thomas Quarry, respectively (Figure 12). The  four species that 
occur at both site locations include Succinea sp., Discus whitneyi, Hendersonia occulta, and 
Euconolus fulvus. The terrestrial gastropod species Carychium exile, Webbhelix multilineata, 
Stenotrema hisutum, Vertigo modesta, Vertigo eliator, and Columella alticola are found at New 
Cottonwood School but not at Thomas Quarry. The terrestrial gastropod species Zonitoides 
arboreus, Stenotrema leai, and Vertigo hubrichti are found at Thomas Quarry but not at New 
Cottonwood School. At both New Cottonwood School and Thomas Quarry the number of total 
gastropods and the Shannon-Weaver diversity index (H) decreases during the development of the 
Jules Geosol (Figures 10 and 11).   
 Temperature reconstructions from MCR provided a range of reconstructed temperatures 
for both sites. Modern (1901-2014) mean monthly July temperature at both New Cottonwood 
School and Thomas Quarry is 24.4°C (Harris, 2008). At New Cottonwood School (Figure 13) 
the reconstructed mean July temperature throughout the section range between 17°C and 28°C. 
The mean July temperature at New Cottonwood School throughout the section was 20.1°C, a 
4.3°C difference. The higher estimates during the Jules Geosol are likely exaggerated and 
imprecisebecause they are based on the presence of only 2 species, Succinea sp. and Webbhelix 
multilineata (Figure X). Succinea sp. shells were not used in the MCR temperature 
reconstructions; this temperature range is only based on the modern range of Webbhelix 
multilineata, which inhabits a wide range of environments today. July temperature 
reconstructions from Thomas Quarry produce larger ranges of possible temperatures (17.6°-
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25.8°C) compared to New Cottonwood School (18.4°-21.8°C). The presence of more wide-
ranging gastropod species and the absence of arctic species with more specific temperature 
ranges at this site are both contributing factors to this larger uncertainty in temperature 
reconstructions at Thomas Quarry. The mean July temperature at Thomas Quarry throughout the 
section was 21.7°C, 2.7°C lower than the modern mean July temperature.  
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Discussion 
 
Chronology 
 
The new age models (Figure 4) presented here improve upon previous age estimates of 
Peoria Silt deposition for the Illinois River Valley by increasing the number and quality of 
radiocarbon dates taken from each section. Previous studies of loess used only a few radiocarbon 
dates to determine the age of deposition that underestimated the actual age of loess deposition in 
the upper Peoria and Jules Geosol (Frye et al., 1974; McKay, 1977,1979; Forman et al., 1992; 
Grimley et al., 1998). Results from our radiocarbon dating and age modeling across both sites 
clearly show that Peoria Silt was deposited in rapid pulses, followed by periods of slowed 
deposition, sometimes coincident with weak paleosols. The age models indicate that the Jules 
Geosol was formed during a time of decreased accumulation while loess over and underlying the 
paleosol were deposited in rapid pulses (Figure 4).  
Sedimentation accumulation rates (SAR) were used to interpolate an estimated age for 
both beginning and the end of Peoria Silt deposition. The Peoria Silt thickness from the 
Cottonwood School core were preferred over the New Cottonwood School section because of the 
evidence that NCS is missing a portion of its modern soil and interpolations would under 
estimate the final age of deposition because of this discrepancy in Peoria Silt thickness. A linear 
interpolation using a constant SAR indicated an age of final loess deposition in the Illinois 
Valley to be 18,770 ± 300 Cal yr BP, while a linear interpolation using a SAR comparable to the 
time of Jules Geosol development produced an final deposition age of 16,050 ± 230 Cal yr BP 
(Figure 15). The two models for the termination of loess deposition are likely the two end 
members for a range of final deposition ages. The interpolated age of the beginning of loess 
deposition, or the basal date of the lower Peoria Silt proximal to the Illinois River valley, was 
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calculated to be 28,480 ± 220 cal yr BP. Linear interpolations were chosen in both calculation 
because the bacon age models produced primarily linear interpolations through actual 
radiocarbon data. There was no evidence from field investigations of a change in sedimentation 
rate (i.e. paleosol) within the basal Peoria Silt so the SAR of overlying lower Peoria loess was 
used in this linear interpolation. 
Top and bottom dates of Peoria Silt from the literature and top and bottom dates 
extrapolated from the new age models presented here show similar bottom dates, but the 
stratigraphic top ages that represent the termination of loess deposition in the Illinois Valley from 
the literature are considerably younger than extrapolated ages. This could be due to slowing 
sedimentation rates near the end of loess deposition and the development of the modern soil 
erasing such evidence. Another possibility is that shell dates taken from the upper Peoria in the 
literature (Mckay, 1979; Frye et al., 1974; Grimley et al., 1998) contained more secondary 
carbonate Shells closer to the surface would have more interaction with carbonate forming ions 
as primary dolomite in the loess is leached and percolates downwards in solution. Shells near the 
lower part of the Peoria Silt are generally less affected by modern soil secondary carbonate 
effects. Some secondary carbonate may have formed on lower Peoria Silt shells after their initial 
burial, but because deposition occurred rapidly and soil formation was minimal until the 
development of the Jules Geosol, this secondary carbonate is likely insignificant compared to the 
carbonate developing on shells just below the leaching front (Wang et al., 2000; 2008). Thus, 
development of secondary carbonate from modern soil explains why shells near the top of Peoria 
Silt deposits are thousands of years younger when secondary carbonate is not carefully removed 
in pretreatment, including interior whorls and inside the shell apex, and why shells from the base 
of the Peoria Silt have similar ages to extrapolated ages from this study. 
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The new age model presented here is independently verified by the dating of the 
mineralogically recorded Mississippi River diversion that has an age of 24,470 cal yr BP at 
Lomax, IL (Curry, 1998). The diversion of the Mississippi River to its current position is marked 
by a large decrease in magnetic susceptibility and an increase in the percentage of illite in Peoria 
Silt (Frye et al., 1968; Grimley et al., 1998). This distinct geophysical and geochemical signature 
is ubiquitous throughout Peoria Silt in Illinois and is used as a boundary between lower and 
middle Peoria Silt (Grimley et al., 1998). Our measurements of magnetic susceptibility 
reproduced the MS trend of Grimley et al., 1998 that includes the sharp decrease representing the 
Mississippi River diversion. Our age model produced an age of 24,435 ± 245 cal yr BP for this 
drop in MS (Figure 7). The ability to reproduce the dating of this geologic event through two 
different types of sedimentary deposits provides strong credibility to the reliability of our 
improved age model. 
It was earlier believed that the Jules Geosol formed between 18,700 and 19,900 cal yrs 
BP (Frye et al., 1974). Our improved chronology indicates that this age estimate is significantly 
too young. We found that the actual age of Jules Geosol development in the type area is between 
23,735 ± 295 and 22,010 ± 240 cal yrs BP, corresponding to just after the local LGM at 24,000 
cal yr BP. Succinea sp. shells used to construct this age model were broken and cleaned 
extensively on outer and inner surfaces to remove older primary dolomite and younger secondary 
carbonate, which formed much later than loess deposition and would therefore result in an age 
that under estimates the true age of the paleosol. It is possible that shells used to obtain the 
original age of the Jules Geosol contained remaining younger secondary carbonate within the 
shells, that was not recognized, to have affected the outcome of the radiocarbon dating analysis 
and make the Jules Geosol to have appeared younger than our dates (Rech et al., 2011). The 
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selection of specific families of gastropods is also important in obtaining precise radiocarbon 
dates. Some families of gastropods incorporate more carbon from bedrock, which is radiocarbon 
dead (Pigati et al., 2010). This is commonly referred to as the limestone effect and is minimal for 
most species within the Succineidae family, especially the Succinea genus (Pigati et al., 2010). 
The combination of extensive pre-analysis cleaning of shells and better, more consistent 
selection of gastropod genera lead to more consistent 14C dating of Peoria Silt. 
The advance and retreat of different lobes of the Laurentide Ice Sheet were not entirely 
synchronous, meaning Peoria Silt sourced from meltwater valleys that captured sediment from 
different glacial lobes, could have been deposited at slightly different times during the 
Wisconsinan Stage (Clark et al., 2009). Consequently, the application of this age model outside 
of the Illinois Valley be inappropriate and would require additional age dating. This highlights 
the need for tight, independent age control throughout loess deposits to compare soil forming 
events or proxy records of climate changes across multiple regions where multiple lobes of the 
Laurentide Ice Sheet, and potentially climatic factors, influenced the deposition of Peoria Silt. 
 
 
Environmental trends 
 
Both temperature and the δ18O value of precipitation, through the δ18O of water 
consumed by terrestrial gastropods, are factors controlling the fractionation of oxygen isotopes 
during the precipitation of gastropod shell aragonite (Balakrishnan and Yapp, 2004). δ18O values 
from New Cottonwood School and Thomas Quarry are nearly identical throughout each of the 
upper Peoria and middle Peoria Silt, including the Jules Geosol zone (Figures 5 and 6). Results 
from a Student’s t-test (Table 3) indicate that there is no significant difference between the δ18O 
values of each loess zone at New Cottonwood School. The only significant change in δ18O 
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values occurs at Thomas Quarry from the lower Peoria to the middle Peoria Silt. This change 
corresponds with a decrease in magnetic susceptibility that marks the diversion of this 
Mississippi River.  
On the Chinese Loess Plateau, the correlation of MS and δ18O values has been related to 
the amount of precipitation, as more precipitation creates a soil-forming environment in which 
magnetite is able to form in-situ and monsoonal precipitation has a characteristically lower δ18O 
value, due to the amount effect (An et al., 1991; Maher and Thompson, 1995; Reynolds and 
King, 1995; Porter et al., 2001). At Thomas Quarry it is unlikely the amount of precipitation 
directly influences the oxygen isotope values of gastropod shells, because the amount effect is a 
tropical phenomenon and does not affect precipitation isotopes at mid-latitudes in non-
monsoonal regions (Dansgaard, 1964; Scholl et al., 2009). Here it is more likely that the amount 
of precipitation is linked to different storm source regions that have their own unique isotopic 
signature. Storms originating in the Gulf of Mexico have a typical δ18O signature of -4.8‰ 
(VSMOW) while storms originating from a more continental or arctic region have a typical 
δ18O signature of -13.8‰ (VSMOW), based on modern precipitation isotope models (Bowen, 
2005). 
The change in δ18O values during the diversion of the Mississippi River are likely due to 
the advance of the Lake Michigan Lobe and the subsequent southern shift of the jet stream 
(Clark et al., 1999). The deposition of loess indicates a seasonally dusty environment across the 
mid-continent around LGM, but periodic storms likely occurred near the southern margin of the 
Laurentide Ice Sheet (Bromwich et al., 2005). The advance of the Lake Michigan Lobe into 
Illinois would bring with it a stronger temperature gradient, and southward shift of the jet stream 
because of the influence of the colder ice sheet juxtaposed against the adjacent unglaciated, and 
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therefore warmer, land surface. The rearrangement in circulation as ice in Illinois reached its 
maximum southern extent may have limited the amount of influence storms from the Gulf of 
Mexico had on our loess sites (Bromwich et al., 2005), leading to lower δ18O values throughout 
the middle and upper Peoria Silt. Thus, the higher δ18O values of the lower Peoria at Thomas 
Quarry may be more indicative of more Gulf moisture and a time where the ice sheet was further 
north and had a more limited affect on regional atmospheric circulation.  
Temperature reconstructions also prove to be useful in interpreting changes in δ18O 
values. MCR temperature reconstructions show little change in mean July temperature during the 
time period of decreasing δ18O values. The fact that these two records do not track each other is 
evidence that the variability in δ18O is controlled by moisture source and not temperature. 
Additionally, if the 2‰ shift in δ18O values from the lower to the middle Peoria was completely 
controlled by temperature, this would represent a decrease in temperature of about 10°C, which 
would have been represented as a significant change in the fossil gastropod assemblage and 
therefore the MCR temperature reconstructions. 
The reconstructed mean July temperature ranges from 20,750-24,560 cal yr BP at New 
Cottonwood School and from 21,620-27,820 cal yr BP at Thomas Quarry were 18.4-21.9°C and 
17.7-25.8°C, respectively (Figures 13 and 14). At New Cottonwood School, mean July 
temperatures have somewhat less uncertainty than at Thomas Quarry except during the 
development of the Jules Geosol (Figure 13). The poor preservation of gastropods during the 
development Jules Geosol because of partial leaching could have led to some preservation bias 
and definitely affected the species diversity of the fossil assemblage (Figure 10). This decrease in 
diversity is inversely proportional to the uncertainty obtained in the MCR method, which relies 
on a robust fossil assemblage to triangulate a mutually inhabited area. However, the diversity of 
	 26	
the fossil assemblage throughout the upper Peoria from New Cottonwood School and lower 
Peoria from Thomas Quarry provides enough species to create a reasonable MCR temperature 
reconstruction. For this reason the reconstructed mean July temperatures for the time of Jules 
Geosol development at both New Cottonwood School and Thomas Quarry should not be 
considered robust estimates of temperature.  
Carbon isotopes are mostly related to the diet of the snail, but can be complicated by 
respiration and diffusion of CO2 and HCO3- from the body fluid of the snail (Balakrishnan and 
Yapp, 2004). δ13C values indicate that Succinea sp. shells had a diet of primarily C4 plants 
because the values are more enriched in 12C relative to 13C (O’Leary, 1981). Similar to δ18O 
values, δ13C values remain unchanged throughout different zones of Peoria Silt at New 
Cottonwood School (Figure 5). That is, mean δ13C values from the lower Peoria Silt, middle 
Peoria Silt (below Jules), Jules Geosol zone, and upper Peoria Silt are not significantly different 
across both sites. This indicates that there were no changes in the ratio of C3/C4 plants during 
the formation of the Jules Geosol and is another piece of evidence that there was not a significant 
change in regional climate during the formation of the Jules Geosol.  
Gastropods fossil assemblages within Peoria Silt provide information about the 
environment south of the LGM ice sheet in Illinois. Land snails tend to live in environments with 
an abundance both water and calcium carbonate (Baker, 1939). The modern known habitats of 
snails from our assemblage of fossil snails from New Cottonwood School and Thomas Quarry 
indicates that moist, open forests covered these sites at the time of loess deposition (Baker, 
1939). Rare boreal to arctic snails such as Columella alticola and Vertigo modesta are found 
above the Jules Geosol and are indicative of cold environments, today primarily found in 
environments between the Great Lakes and the Hudson Bay in midcontinent modern 
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assemblages (Nekola and Coles, 2010). A semi-open boreal forest in northern Ontario (just north 
of Lake Superior), or a taiga like environment, would provide both the temperature and flora 
requirements of a preferred habitat for this gastropod assemblage.  
At both New Cottonwood School and Thomas Quarry the number of fossils decreases 
dramatically within and just below the Jules Geosol (Figure 12). The amount of primary 
carbonate decreases slightly (McKay, 1977). This indicates that the Jules Geosol is partially 
leached which was verified by reacting samples with acid. This partial leaching along with the 
lower loess accumulation rates during the formation of the Jules Geosol do not provide 
conditions necessary for the preservation of carbonate shell fossils. Thus, the decrease in the 
number of fossils during the Jules Geosol is due to poor preservation conditions and not a change 
in the environmental conditions such as climate or habitat.  
Overall, interpretations of δ18O values and MCR temperature reconstructions indicate 
that there was a change in moisture source during the transition from the lower to the middle 
Peoria. However, during the development of the Jules Geosol temperature and moisture source 
remained fairly constant. The relatively unchanged gastropod assemblages at both New 
Cottonwood School and Thomas Quarry support the idea that little change in temperature or 
moisture source occurred during the development of the Jules Geosol. It is possible, however, 
that information about climate change events has been lost due to poor fossil preservation during 
the development of the Jules Geosol. Therefore, the available evidence indicates that the 
development of the Jules Geosol may be related to another soil forming factor. 
Jules Geosol Development 
Some of the early work on the Jules Geosol suggested a change in loess accumulation 
rates could have contributed to the development of the paleosol (Frye et al., 1974). If the 
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sediment accumulation rate (SAR) decreased, then loess would be exposed at the surface for a 
longer period of time, allowing for pedogenesis to occur.  
The age models in Figure 3 suggest that sediment accumulation rates decreased from 1.2 
mm/yr below the Jules Geosol to 0.4 mm/yr within the Jules Geosol at New Cottonwood School 
and from 1.0 mm/yr below the Jules Geosol to 0.5 mm/yr within the Jules Geosol at Thomas 
Quarry. These age models show periods of rapid loess deposition rates bounding a period of 
lower loess deposition rates within the Jules Geosol zone. The rapid deposition of loess directly 
above the Jules Geosol in the upper Peoria at New Cottonwood School matches the SAR of the 
middle Peoria below the Jules Geosol. This age modeling alone supports the hypothesis that a 
decrease in SAR led to the development of the Jules Geosol however, there are some limitations 
to this age modeling process.  
The two main drawbacks to the age modeling process is a lack of material to date within 
the Jules Geosol and inferring sedimentation rates within the Bacon program. Datable gastropod 
shells were rare within the Jules Geosol (Figure 12). Only two dates were collected at New 
Cottonwood School and none were collected from Thomas Quarry. Because so few shell dates 
are available within the Jules Geosol, the Bacon age modeling program interpolated through the 
Jules Geosol with a minimal amount of prior information (Blaauw and Christen, 2011). The 
complex nature of a Jules Geosol with multiple A-C horizons at the thickest loess sites (Frye et 
al., 1974) implies that our model of constant accumulation of 0.4 mm/yr within the Jules Geosol 
is likely simplified. Ultimately it is possible that the Jules Geosol developed during a period in 
which short pulses of loess deposition were followed by periods of soil pedogenesis and lower 
loess accumulation however, uncertainty in 14C dating of around 80-100 years for shells 
preserved in Peoria Silt means that these pulses would fall within the same 2σ ranges. However, 
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the age models represent the highest resolution SAR changes available with current 14C dating 
technology. 
With these drawbacks in the SAR model in mind, corroborating independent evidence is 
necessary to support a lower accumulation rate within the Jules Geosol as well as provide a 
mechanism for such a decrease. Time series of magnetic susceptibility, particle size, and clay 
mineralogy through the middle and upper Peoria at New Cottonwood School (Figure 4) all show 
changes after the development of the Jules Geosol. At Thomas Quarry these same changes are 
shown in replicated analysis of magnetic susceptibility and particle size.  
Magnetic susceptibility marginally increases at both New Cottonwood School and 
Thomas Quarry through the middle and upper Peoria Silt towards the modern soil, where some 
of the largest increases occur (Figures 5A and 6A). Changes in MS correlate across the region 
(Grimley et al., 1998) and do not exhibit changes based on spatial difference in oxidized loess. 
Increases in MS values in interglacial soils formed in loess are sometimes attributed to 
pedogenically formed magnetite or changes in source material (Maher and Thompson, 1995; 
Grimley et al., 1998) Magnetic susceptibility increases in interglacial soils formed in loess have 
also been correlated to precipitation on the Chinese Loess Plateau (An et al., 1991; Maher and 
Thompson, 1995; Reynolds and King, 1995; Porter et al., 2001). The increasing MS values 
throughout the development of the Jules Geosol indicates that at both New Cottonwood School 
and Thomas Quarry there may have been a change in provenance because it is unlikely that 
pedogenic magnetite formed within the short period of Jules Geosol development (Grimley et al., 
1998).  
The particle size ratio (31.1-12.7 µm)/(11.2-1.2 µm) at both New Cottonwood School and 
Thomas Quarry show sharp decreases in medium silt and increase of fine silt and clay during the 
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development of the Jules Geosol (Figures 5B and 6B). The decrease is less drastic at Thomas 
Quarry. The loess overall is coarser at Thomas Quarry relative to loess at New Cottonwood 
School. This is likely due to the fact that the Thomas Quarry is site is located closer to the top of 
the bluff than at New Cottonwood School. The corresponding fining of loess in the Jules Geosol 
zone at both New Cottonwood School and Thomas Quarry could be due to a decrease in wind 
speed or gustiness (Muhs and Bettis, 2003) or it could be due to a change in source.  
The clay mineralogy at New Cottonwood School shows a decrease in illite and a relative 
increase in expandable clays during the development of the Jules Geosol with a reversal of this 
trend during the deposition of upper Peoria Silt (Figure 5C). The high abundance of illite is 
indicative of Lake Michigan Lobe (LML) sediments that have incorporated considerable 
Paleozoic shale and dolomite. The increase of expandable clays during the Jules Geosol indicates 
more influence from a Mississippi Valley loess source.  
When interpreting records of magnetic susceptibility, particle size, and clay mineralogy 
together one could argue that their changes are characteristic of a change in source moving from 
a mostly proximal LML loess source to a mostly distal Mississippi Valley type loess source. This 
is most obvious in the correspondence between particle size and clay mineralogy. The 
equivalence between expandable clays percentages and particle size eliminate gustiness as a 
factor in the decrease of sediment accumulation rates. A decrease in particle size would indicate 
a decrease in gustiness, while an increase in proportions of expandable clay minerals in Illinois 
Valley Peoria Silt would indicate an increase in gustiness. The most likely explanation of this 
paradox is that wind speeds remained the same while the amount of source silt from the LML 
decreased, making the relative proportions of Mississippi Valley type loess in the form of mostly 
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clay more proportionally significant which leads to a decrease in the (31.1-12.7 µm)/(11.2-1.2 
µm) ratio.  
What processes could have caused the amount of silt within glacial outwash to decrease? 
The source material is directly related to the activity of the LML so it is likely that internal or 
external factors acting on the ice sheet would be related to the amount of sediment supplied to 
outwash. It was originally postulated that the LML lobe retreated into the Lake Michigan basin at 
the initial period of Jules Geosol development and deposition of silt was constrained to a 
slackwater proglacial lake (Frye et al., 1974). Recent improvements on the LML lobe chronology 
coupled with our age model for Peoria Silt deposition shows that the LML had just began its 
retreat as the Jules Geosol began to develop, making this proglacial lake theory implausible 
(Figure 15; Curry and Caron, 2016). Other possible explanations include: 1) a divergence of 
outwash into another melt water channel, 2) a decrease in the amount of outwash, 3) a loss or 
change of vegetation on the depositional landscape limiting trapping of loess or 4) the damming 
of the Illinois Valley, and hence trapping of outwash, by morainal deposits.  
In the first scenario, the extent of the ice sheet expands far enough to cut off meltwater 
from the Princeton and Decatur Sublobes from the Illinois Valley, allowing only the outwash 
from the Peoria Sublobe to drain through the Illinois Valley. This scenario seems plausible 
because outwash plains from the LML maximum extent during the Shelbyville phase adjacent to 
the Princeton and Decatur Sublobes are outside of the Illinois Valley watershed (Figure 1). It is 
plausible that the Princeton Sublobe drained through the Green River Lowland while the Decatur 
Sublobe drained through the Kaskaskia Valley watershed while the LML was at its maximum 
extent. The timing of the genesis of Jules Geosol development and the maximum extent 
correspond making this scenario even more likely (Figure 15).  
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In the second scenario, the LML produces less outwash with entrained lithic particles for 
a time while the Jules Geosol develops. It is common for frozen bed glaciers to produce less 
outwash because ice is mostly lost to sublimation and not melting (Eyles et al., 1983). Because 
of ice loss to sublimation englacial debris is lowered onto the surface, forming layered debris in-
situ (Eyles et al., 1983). The sedimentological character of diamictons and outwash plains in 
Illinois that dates to the same time period, as the development of the Jules Geosol is evidence 
that in Illinois the LML was a temperate ice sheet (Hansel and Johnson, 1996; Curry and Caron, 
2016). There is evidence that parts of the Laurentide Ice Sheet (LIS) were frozen to its bed in 
some areas around the LGM but not as far south as Illinois (Kleman and Hättestrand, 1999). For 
this reason it is unlikely that LML outwash decreased due to more polar ice sheet conditions ice 
sheet. 
In the third scenario, a change in vegetation from a forested environment to a more 
grassland environment would decrease the ability of the landscape to trap and accumulate loess 
(Tsoar and Pye, 1987).  Vegetative cover over the landscape increases the surface roughness that 
traps grains entrained by near-surface winds (Tsoar and Pye, 1987). Forested areas are more 
efficient at trapping dust than grasslands because of their greater roughness (Tsoar and Pye, 
1987). There is no evidence of any change in δ13C values or fossil gastropod assemblages across 
the Jules Geosol zone at either New Cottonwood School or Thomas Quarry, which suggests that 
the type of vegetation remains consistent during loess deposition making this scenario unlikely.  
In the fourth scenario, the building of the Shelbyville Moraine by the LML during the 
Shelby Phase blocks a portion of water from entering the Illinois Valley. Similarly to scenario 
one and the original Frye et al. (1974) hypothesis, melt water is diverted from its normal course, 
but in this scenario melt water is blocked by a dam and a proglacial lake is formed. This scenario 
	 33	
is unlikely because no lake deposits have been found adjacent to the Shelbyville Moraine and 
large outwash plains immediately north of New Cottonwood School provided a drainage network 
to the Illinois Valley that would have by-passed any dam that formed within the valley (Hansel 
and Johnson, 1996).  
The development of the Jules Geosol was controlled by the decrease of sediment 
accumulation rates, but the control on SAR remains ambiguous. The coupling of decreased 
particle size and increased proportion of expandable clay minerals provide evidence of a 
depositional environment with a decreased influence of proximal LML silt and a proportional 
increase in distal Mississippi Valley type sediments. Of the four scenarios discussed as possible 
explanations for the decrease in SAR, I favor the scenario in which the maximum extent of the 
LML cut off the Princeton and Decatur sublobes from depositing outwash within the Illinois 
Valley watershed. This scenario not only logically seems the most likely, but also provides a 
testable hypothesis for future research.  
Context for Illinois Quaternary Stratigraphy  
 
The improved chronology of Peoria Silt deposition along the Illinois Valley is well 
correlated with the Lake Michigan Lobe chronology within the Illinois River watershed (Curry 
and Caron, 2016). The deposition of loess in Illinois has long been known to represent the 
presence of ice during glacial periods (Frye and Willmanm 1973; Forman et al., 1992; Follmer, 
1996) but loess and ice chronologies have not previously corresponded in Illinois (Wang et al., 
2003a). Our improved loess age model shows an improved coherence with the movement of the 
Lake Michigan Lobe, which suggests that glacier movement has a strong control on the 
accumulation rates of loess along the Illinois Valley (Figure 15). 
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The development of the Jules Geosol immediately following the Shelby Phase could 
provide motivation to reinvestigate outwash deposits from the Shelby and Putnam Phases. It has 
been hypothesized that an increase in sediment supply to the Green River Lowland region was 
responsible for the initiation of dune activity around 17,500 years ago (Figure 1; Miao et al., 
2010). The authors suggested that the source of this sediment was most likely from the 
catastrophic draining of Glacial Lake Scuppernong through the Rock River Valley (Miao et al., 
2010). It is possible that reactivation of dunes at this later time exposing grains to bleaching and 
wiping out prior depositional history of the outwash plain from the Princeton Sublobe. The 
collection of geochemical or mineralogical data from the Green River Lowland dunes would be 
useful for determining the provenance of this outwash and its possible link to the decrease of 
sediment and loess deposition rates within the Illinois Valley. 
Context for Midwestern Quaternary Stratigraphy 
 
The general time period of Jules Geosol formation has interesting connections across the 
Midwestern United States. The most directly related site by chronology is the Clayton site near 
Indianapolis, IN (Loope et al., 2016). Here, a deposit of outwash sandwiched between two tills 
implies a period of retreat following readvance. This outwash contained numerous gastropod and 
plant macrofossils. Both sets of fossils were radiocarbon dated (Loope et al., 2016) and found to 
match the timing of the earliest upper Peoria Silt that buried the Jules Geosol at the New 
Cottonwood School and Thomas Quarry sections. 
The gastropod fossil assemblage from the Clayton site resembles a cold boreal to 
borderline tundra assemblage with an abundance of Columella alticola shells (n = 32), some 
Vertigo oughtoni and dryas plant macrofossils. This inferred cold period aligns to the coldest 
time period of our MCR reconstruction from New Cottonwood School (Figure 13). The Clayton 
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section is much closer to the fromer terminus of the LIS during the LGM than the New 
Cottonwood School section. Therefore the Clayton site could have been a more open tundra 
environment that would be preferred by C. alticola relative to the forested environment of New 
Cottonwood School, where C. alticola shells are also present at the time, but more rare.  
One of the interesting facets of the Jules Geosol is the apparent lack of contemporaneous 
soils within the Peoria Silt across Midwest or into the Great Plains. Paleosols that form in 
interglacials, such as the Sangamon Geosol, are mappable throughout the Midwest (Muhs and 
Bettis, 2003). The Jules Geosol is unique to most paleosols because it is only found in the 
thickest deposits of Peoria Silt along the Illinois Valley. The fact that this soil is only found in 
the Illinois Valley region is further evidence that its development was triggered by regional 
factors unique to west-central Illinois. Therefore, it is not surprising that the Jules Geosol does 
not as yet have any temporal connections to other loessal paleosols. 
Apart from temporal connections, similar processes of development for other loessal 
paleosols may still be applicable to the Jules Geosol. For example, both the Brady Soil and the 
Jules Geosol were formed by the process of cumulization (Jacobs and Mason, 2007; Schaetzl and 
Anderson, 2005). While these soils formed at different times and with very different mechanisms 
controlling their source sediment supply, what both soils have in common is that they formed as 
loess accumulation decreased (Jacobs and Mason, 2007). These soils could be significant 
because this same process of cumulization could be contributing to the formation of centimeter 
scale paleosols within Peoria Silt. With the development of new scanning X-ray Fluorescence 
(XRF) technology, high-resolution geochemical and mineralogical signature of loess paleosols 
could be tied to short-term changes in sediment source availability (Liang et al., 2012). 
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Conclusions and Future Work 
 Peoria Silt deposition along the Illinois Valley occurred from 28,480 ± 220 to 18,800-
16,000 cal yrs BP and the Jules Geosol developed between 23,735 ± 295 and 22,010 ± 240 cal 
yrs BP. Our age model of Peoria Silt deposition has been independently verified by the dating of 
mineralogical shifts that reflect of the Mississippi River diversion. A best estimate age for the 
diversion of the Mississippi River from Lomax, Illinois had a weighted mean of 24,470 cal yr BP 
(Curry, 1998) while our date for the diversion from our age model was 24,435 ± 245 cal yr BP. 
This improved chronology of Peoria Silt deposition also matches the record of ice movement 
within the Illinois River watershed (Curry and Caron, 2016).  
Geochemical and faunal measurements (δ18O, δ13C, snail ecology) used to assess changes 
in environmental factors during Peoria Silt deposition indicate that there are no major climatic or 
ecological changes associated with the development of the Jules Geosol that can be detected as 
shells are rare within the Jules Geosol zone due to poor preservation conditions. A Student’s t-
test showed that there was no significant difference in δ18O and δ13C below, within, and above 
the Jules Geosol at New Cottonwood School and the only significant changes occurred at 
Thomas Quarry around the time of the Mississippi River diversion. The correlation of δ18O 
values and magnetic susceptibility measurements at Thomas Quarry indicate that moisture 
source is more likely the largest control on gastropod shell δ18O values. Consistent δ18O values 
indicate that there was no long-term change in temperature or moisture source patterns while 
consistent δ13C values indicate little change in snail diet, suggesting limited changes in C3/C4 
vegetation. As no environmental indicators change through out the Jules Geosol it is unlikely 
that they directly influenced the formation of the Jules Geosol. 
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Possible mean July temperatures ranged from 18.4-21.9°C and 17.7-25.8°C at New 
Cottonwood School and Thomas Quarry, respectively, over the period of Peoria Silt deposition. 
These mean July temperatures could be evidence for a more compressed latitudinal gradient 
around the LGM relative to modern temperature gradients across the Midwest (Oches et al., 
19967/18/16 11:57 AM). At Thomas Quarry, reconstructed mean July temperatures have a larger 
uncertainty than New Cottonwood School but also appear to show less variation, which could be 
due to the larger range of possible mean July temperatures. Reconstructed mean July 
temperatures from New Cottonwood School reached their minimum just above the Jules Geosol, 
which corresponds to a cold interstadial event in central Indiana marked by the abundance of 
Columella alticola, Vertigo modesta, and Vertigo oughtoni fossils preserved in glacial outwash 
over and underlain by diamicton (Loope et al., 2016). While temperatures appear to change 
spatially, temporally little variation is detectable during the LGM, especially during the 
development of the Jules Geosol.  
The Jules Geosol thus likely formed as a result of decreased accumulation. Age models 
suggest that upper and lower Peoria silt was deposited at rates three times as fast as the 
accumulation rate during Jules Geosol development. The particle size of primary loess decreased 
in both median grain size and the ratio of (31.1-12.7 µm)/(11.2-1.2 µm) through the Jules Geosol 
zone. Analysis of the clay minerals from the New Cottonwood School show that loess within the 
Jules Geosol zone has an increased proportion of expandable clays along with a decrease in the 
proportion of illite, which is a geochemical fingerprint closer to that of Mississippi Valley 
sourced sediments. These records indicate that proximal sources of silt (Illinois Valley) 
decreased and therefore distal, finer loess (Mississippi Valley) made up a higher percentage of 
Peoria Silt within the Jules Geosol zone. 
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One testable mechanism that possibly explains the decrease in sediment supply is the 
diversion of outwash through other major river systems. As ice reached its maximum extent, the 
outwash from the Princeton Sublobe could have drained into the Mississippi River while 
outwash from the Decatur Sublobe could have drained into the Kaskaskia River leaving only 
outwash from the Peoria Sublobe providing source silt for loess deposition along the Illinois 
Valley. More chronological data from loess or terraces along the Mississippi and Kaskaskia 
Rivers or outwash plains previously adjacent to the Princeton and Decatur Sublobes is necessary 
to test this hypothesis. 
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Figures    
 
 
Figure 1: Map showing the location of the two study sites, New Cottonwood School and Thomas Quarry, along the 
Illinois River (blue). The green line traces the maximum extent of the Lake Michigan Lobe. Important sublobes of 
the Lake Michigan Lobe are labeled with arrows that describe the direction of ice advance. The Green River 
Lowland region adjacent to the Princeton Sublobe is highlighted in orange. 
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Figure 2: A Composite stratigraphy of informal units and formal paleosols within the Peoria Silt at the New 
Cottonwood School site. Magnetic susceptibility measurements correlate between different subsections of the 
outcrop NCSA (red) and NCSB (blue). These subsections are laterally adjacent to each other but are separated by a 
distance of 2 meters. Both sections were initially correlated using measurements of depth from the ground surface B 
Composite stratigraphy of informal units and formal paleosols within the Peoria Silt at the Thomas Quarry site. 
Magnetic susceptibility correlate subsections that are 50 meters away rom each other. TQA (red) was sampled 
originally with the intention of sampling the Jules Geosol; however, loess from after the diversion is missing most 
likely due to hillslope mass wasting processes. TQB (pictured; blue) contained a more complete record of Peoria Silt 
deposition post Mississippi River diversion however much of the Upper Peoria is still missing again most likely due 
to hillslope mass wasting processes.  
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Figure 3: Sketches of my two field sites: New Cottonwood School and Thomas Quarry. A) At New Cottonwood 
School I sampled two sections of the outcrop because a talus slope had formed below NCSA, which gave easy 
access to the upper Peoria, while the NCSB was clear of debris at the base of the gully. B) Multiple sections were 
sampled at Thomas Quarry because the upper and middle Peoria had been eroded. The TQB section was 46 meters 
east of the TQA section near the top of the bluff. Around 2 meters of Upper Peoria Silt had been eroded from the top 
of the TQB section but the Jules Geosol was still present.   
	 49	
 
Figure 4: Age models produced from 24 radiocarbon dates with Bacon (Blaauw and Christensen, 2011). The 
horizontal axis on both plots shows the age in calendar years before present with younger ages toward the left. The 
calibrated radiocarbon dates with error are plotted in transparent blue. The more likely age-depth model appears 
darker with the most likely model shown by a dotted red line. Grey stripped lines on either side of the model 
indicate the 95% confidence level. Horizontal dashed lines are hiatuses bounding the Jules Geosol. The exact 
positions of these hiatuses were determined by field measurements, magnetic susceptibility, and particle size. The 
depth of the grey horizontal line dividing the Middle and Lower Peoria on the Thomas Quarry age-depth model was 
determined by a decrease in magnetic susceptibility (Grimley, 1998).  
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Figure 5: Vertical red box indicates the time of Jules Geosol 
development. A) Time series of magnetic susceptibility measurements 
made by the mass susceptibility method. The large increase of MS at 
22,000 cal yr BP makes the end of the Jules Geosol and the beginning 
of Upper Peoria Silt. B) Time series of the particle size ratio (31.1-
12.7 µm)/(11.2-1.2 µm). Decreases in the ratio indicate a decrease in 
the particle size of primary loess. The finest loess was deposited 
during the penultimate stages of Jules Geosol formation (circa 22,000 
cal yr BP) and is capped by some of the coarsest loess at New 
Cottonwood School. C) Time series of the percentage of the four clay 
minerals that comprise the <4 µm faction of Peoria Silt at New 
Cottonwood School. Illite and expandable clays are major minerals 
with chlorite and kaolinite being minor mineral phases (<10%). The 
percentage of expandable clays increases relative to a decrease in the 
percentage of illite during the formation of the Jules Geosol indicating 
either an increase in the distal transport of Mississippi Valley sourced 
loess or a decrease in the proximal Lake Michigan Lobe sediment 
supply, which is high in Illite. D) Scatter plot detailing the variability 
of δ18O values over time. δ18O values do not vary significantly 
between the Jules Geosol and over/underlying silt zones. E) Scatter 
plot detailing the variability of δ13C values over time. Similarly to the 
δ18O	values,	δ13C values also show no significant change between 
different zones of Peoria Silt including the Upper Peoria, Jules 
Geosol, and Middle Peoria. 	
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Figure 6: Vertical red box indicates the time of Jules 
Geosol development. A) Times series of magnetic 
susceptibility measurements made by the mass 
susceptibility method. The large drop in MS around 
24,500 Cal yr BP is due to a greater influence of Lake 
Michigan Lobe source sediment in Peoria Silt along the 
Illinois Valley after the Mississippi River Diversion. B) 
Time series of the particle size ratio (31.1-12.7 µm)/(11.2-
1.2 µm). Decreases in the ratio indicate a decrease in the 
particle size of primary loess. The finest loess accumulated 
during the development of the Jules Geosol while the 
coarsest loess was deposited concurrently with the 
diversion of the Mississippi River. C) Scatter plot 
detailing the variability of δ18O values over time. The 
visual correlation between magnetic susceptibility and 
δ18O values are clearly recognized as δ18O values decrease 
from about 2‰ VPDB to 0‰ VPDB concurrent with the 
decrease in MS due to the Mississippi River diversion. D) 
Scatter plot detailing the variability of δ13C values over 
time. Unlikely δ18O values, δ13C values do not exhibit a 
strong correlation to another proxy record. δ13C values at 
Thomas Quarry are similar to New Cottonwood School 
throughout the entirety of Peoria Silt deposition indicating 
a steady balance between C3/C4 plants and the open 
forests likely present at each site during this time. 
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Figure 7: Curves showing the magnetic susceptibility values for TQA (red), TQB (blue), and data from Grimley et al 
(1998) (green). Curves were visually matched to create a common depth for both TQA and TQB sections so that 
other data including particle size and shell isotope values could be combined into one composite stratigraphic 
section. 												
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Figure 8: Averaged histograms for particle size measurements from New Cottonwood School from the upper Peoria, 
Jules Geosol, and middle Peoria. The average particle size measurements from the upper and middle Peoria show 
similar volumes of silt and clay. The Jules Geosol has a higher volume of clay and very fine silt and a lower volume 
of medium silt compared to the upper and middle Peoria.															
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Figure 9: Averaged histograms for particle size measurements from Thomas Quarry from the upper Peoria, Jules 
Geosol, middle Peoria, and lower Peoria. Similarly to New Cottonwood School, The Jules Geosol has the highest 
volume of fine silt and clay and the lowest median particle size. The coarsest zone at Tomas Quarry was the lower 
Peoria which has a more peaked distribution of silt classes and less clay relative to all other zones. 		
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Figure 10: Box plots of δ18O values from New Cottonwood School and Thomas Quarry. The dark black line within 
each box represents the mean δ18O value for each zone. Each zone from New Cottonwood School has a mean δ18O 
value around 0.0‰ VPDB indicating that the moisture source was relatively stable during this time period. 
Measurements from Thomas Quarry show a 1.5‰ decrease in δ18O value after the Diversion of the Mississippi 
River, which corresponds to the transition from the lower to middle Peoria. This decrease in δ18O value is most 
likely due to a chance in the source of precipitation however, some changes in temperature cannot be entirely ruled 
out.    
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Figure 11: Box plots of δ13C values from New Cottonwood School and Thomas Quarry. The dark black line within 
each box represents the mean δ13C value for each zone. Each zone has a mean δ13C value around -6‰ to -7‰ 
VPDB at both New Cottonwood School and Thomas Quarry, indicating that the ratio of C3/C4 was relatively stable. 
Furthermore, because δ13C and δ18O value do not correlate it is unlikely that one force, such as temperature, is 
controlling the fractionation of both of these isotope systems. What is more likely is that Carbon isotopes relate to 
the diet of the snail and therefore local flora. It is difficult to determine fossil snail diet from shell δ13C values alone 
because respiration and diffusion of CO2 through physiological system change the fractionation of δ13C before it is 
incorporated into shell aragonite. 											
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Figure 12: Representation of species variation with changes in depth of Peoria Silt at New Cottonwood School 
(Left) and Thomas Quarry (Right). Species are listed across the horizontal axis and depth is shown on the vertical 
axis. Sinuous vertical lines represent soils. Sampling for shells began below the bottom of the leaching horizon 1 
meter below the surface at New Cottonwood School. Black bars represent the presence of that species at each depth. 
At both New Cottonwood School and Thomas Quarry there is a common zone within the Jules Geosol that is devoid 
of gastropod fossils.  
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Figure 13: The plot on the left shows the Shannon-Weaver Diversity Index (H) plotted by depth. Relative abundance 
of fossil gastropod species at New Cottonwood School is shown in the plot on the right. The red box on both plots 
indicates the location of the Jules Geosol. The diversity drops significantly during the formation of the Jules Geosol 
as fewer shells are preserved. This trend is especially noticeable in the relative abundance of Succinea sp. shells, 
which are abundant throughout the vertical profile of the section except within the middle of the Jules Geosol. 
Another noticeable trend is the increasing abundance of Carychium exile, Punctum minutissimum, and Euconulus 
fulvus. All three species inhabit similar extended ranges today and are adapted to live in a wider range of 
environments. Their increased abundance could be evidence for warmer environments at New Cottonwood School 
as the ice sheet retreated following the LGM. The upper Peoria had good conditions for fossil preservation any 
changes in the abundance of species in unlikely to be due to selective preservation.  
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Figure 14: The plot on the left shows the Shannon-Weaver Diversity Index (H) plotted by depth. Relative abundance 
of fossil gastropod species at Thomas Quarry is shown in the plot on the right. The red box on both plots indicates 
the location of the Jules Geosol. The diversity index is lower at Thomas Quarry relative to New Cottonwood School 
because there are a fewer total number of species present and the fossil assemblage is dominated by two main 
species, Succinea sp. and Discus whitneyi. The diversity index goes to zero during within the Jules Geosol because 
only a few Succinea sp. shells are preserved. The most abundant shell zone is seen just below the Jules Geosol 
around the Mississippi River diversion (400 cm above Roxana Silt).  
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Figure 15: Reconstructed mean July temperature from the Mutual Climatic Range (MCR) method at the New 
Cottonwood School site. The red box represents the Jules Geosol. The average July temperature throughout the 
vertical profile of this site was 20.1° C. Large uncertainties in mean July temperature from 3 to 3.5 m are caused by 
the presence of 2 wide ranging snail species and are likely no indicative of actual July temperatures.  
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Figure 16: Reconstructed mean July temperature from the Mutual Climatic Range (MCR) method at the Thomas 
Quarry site. The red box represents the Jules Geosol. The average July temperature throughout the vertical profile of 
this site was 21.7° C. The lower number of species at Thomas Quarry relative to New Cottonwood School, as well 
as the presence of more wider ranging species means a larger uncertainty throughout the section.  												
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Figure 17: Two models for age interpolation based on accumulation rates of the Upper Peoria (Constant Rate) and of 
the Jules Geosol (“Jules” Rate). The read line is the weighted mean age that has been interpolated through the 
modern soil. The black lines are the maximum age range calculated by the bacon age model, which has also been 
interpolated through the modern soil.  					
	 63	
	
 
Figure 18: Modified Time-Distance Diagram from Curry and Caron, 2016. The composite Peoria Silt stratigraphy 
based on New Cottonwood School and Thomas Quarry age-depth models. The Jules Geosol (brown) developed 
from 23,700 to 22,000 cal yr BP and aligns with the Putnam phase of the Lake Michigan Lobe (LML). The initiation 
of this soil development occurs immediately after the LML reaches its maximum extent. 																											
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Tables 
Radiocarbon data 
ISGS  # Sample # Material Fraction of MC ± D
14C ± 
14C yr 
BP ± 
A3243 NCSB-12.4ft Succinea sp. Shell 0.0862 
0.001
3 -913.8 1.3 19690 130 
A3244 NCSB-11.4ft Succinea sp. Shell 0.0834 
0.001
3 -916.6 1.3 19960 130 
A3245 CSC-19ft Succinea sp. Shell 0.0774 
0.001
3 -922.6 1.3 20550 140 
A3247 NCSA-7.7ft Succinea sp. Shell 0.1106 
0.001
3 -889.4 1.3 17690 100 
A3248 NCSA-9.4ft Succinea sp. Shell 0.105 
0.001
3 -895 1.3 18100 110 
A3249 NCSB-13.5ft Succinea sp. Shell 0.0833 
0.001
5 -916.7 1.5 19970 150 
A3250 NCSA-3.9ftW Succinea sp. Shell 0.1217 
0.001
4 -878.3 1.4 16920 100 
A3251 NCSA-3.9ftS Succinea sp. Shell 0.115 
0.001
4 -885 1.4 17370 100 
A3252 NCSA-4.9ft Succinea sp. Shell 0.1272 
0.015
2 -872.8 15.2 16570 960 
A3253 NCSA-6.0ft Succinea sp. Shell 0.1088 
0.001
3 -891.2 1.3 17820 100 
A3254 NCSA-6.7ft Succinea sp. Shell 0.1034 
0.001
4 -896.6 1.4 18230 110 
A3593 TQA 0.8m Succinea sp. Shell 0.0775 
0.000
8 -922.5 0.8 20540 90 
A3594 TQA 2.0m Succinea sp. Shell 0.0668 
0.000
8 -933.2 0.8 21740 100 
A3595 TQA 2.9m Succinea sp. Shell 0.0559 
0.000
8 -944.1 0.8 23170 120 
A3596 TQA 3.6m Succinea sp. Shell 0.055 
0.000
9 -945 0.9 23300 130 
A3708 TQB .2m Succinea sp. Shell 0.0738 
0.000
8 -926.2 0.8 20940 90 
A3709 TQB .6m Succinea sp. Shell 0.0747 
0.000
8 -925.3 0.8 20840 90 
A3710 TQB 1m Succinea sp. Shell 0.0763 
0.000
8 -923.7 0.8 20670 90 
A3711 TQB 1.45m Succinea sp. Shell 0.0845 
0.000
8 -915.5 0.8 19850 80 
A3769 
TQB 1.5-1.75 
Succinea 
Succinea sp. 
Shell 0.087 
0.000
8 -913 0.8 19610 80 
A3770 
TQB 2.25-2.5 
Succinea 
Succinea sp. 
Shell 0.089 
0.000
8 -911 0.8 19430 80 
 
Table 1: Radiocarbon dates from New Cottonwood School and Thomas Quarry. The date from A3252 was excluded 
from Bacon age modeling because of a laboratory error, which exposed sample to open air and resulted in a large 
error in C14 age. 
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Fossil Gastropod Assemblages 
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107	 7	 3	 7	 0	 10	 19	 5	 33	 8	 0	 0	 0	
137	 7	 5	 2	 1	 6	 11	 3	 40	 18	 0	 0	 0	
168	 14	 2	 0	 0	 36	 13	 10	 25	 6	 0	 1	 0	
198	 12	 0	 4	 0	 3	 6	 2	 22	 6	 0	 3	 0	
229	 12	 0	 3	 0	 7	 4	 0	 1	 2	 1	 0	 0	
259	 12	 6	 1	 0	 32	 13	 0	 5	 9	 1	 0	 1	
290	 15	 0	 0	 0	 13	 16	 0	 1	 3	 0	 0	 1	
320	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	 0	
351	 2	 0	 0	 0	 0	 0	 0	 0	 0	 0	 2	 0	
381	 17	 5	 2	 0	 2	 0	 11	 2	 2	 0	 0	 0	
411	 15	 0	 3	 0	 2	 1	 0	 3	 2	 0	 4	 1	
 
Table 2: Raw data from counting of whole adult gastropod shells at the New Cottonwood School site. 
 
Thomas Quarry 
Height	
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555	 6	 0	 0	 13	 0	 0	 0	 0	 0	
538	 9	 0	 0	 2	 0	 0	 0	 0	 0	
513	 4	 0	 0	 0	 0	 0	 0	 0	 0	
488	 0	 0	 0	 1	 0	 0	 0	 0	 0	
463	 13	 0	 1	 16	 0	 0	 0	 0	 0	
438	 58	 2	 0	 42	 2	 0	 0	 0	 0	
413	 32	 3	 2	 95	 0	 0	 0	 0	 0	
388	 29	 6	 0	 78	 0	 0	 0	 0	 0	
363	 36	 1	 0	 71	 0	 8	 3	 1	 0	
338	 54	 3	 1	 20	 4	 1	 1	 0	 0	
313	 69	 2	 3	 35	 0	 1	 0	 0	 0	
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288	 14	 2	 0	 2	 0	 0	 0	 0	 0	
263	 8	 0	 0	 8	 0	 0	 0	 0	 0	
238	 4	 0	 0	 1	 0	 0	 0	 0	 0	
213	 9	 0	 0	 8	 0	 0	 0	 0	 0	
188	 5	 1	 0	 0	 0	 0	 0	 0	 0	
163	 7	 1	 0	 4	 0	 4	 0	 0	 0	
138	 2	 0	 0	 6	 0	 8	 0	 0	 0	
113	 6	 2	 0	 4	 0	 2	 0	 0	 0	
88	 6	 6	 0	 0	 0	 5	 0	 0	 1	
 
Table 2 (cont.): Raw data from counting of whole adult gastropod shells at the Thomas Quarry site. 
 
 
 
 
 
  
Sets	 p-value	
upper	Peoria	Silt	and	Jules	Geosol	
Zone	
0.779026657	
middle	Peoria	Silt	and	Jules	Geosol	
zone	
0.974866656	
upper	Peoria	Silt	and	middle	Peoria	
Silt	
0.882668747	
upper	Peoria	Silt	+	Jules	Geosol	and	
middle	Peoria	Silt	
0.907497028	
upper	Peoria	Silt	and	Modern	 0.012582436	
Jules	Geosol	zone	and	Modern	 0.007955625	
middle	Peoria	Silt	and	Modern	 0.309671931	
 
Table 3: Students t-test results from sets of different zone from New Cottonwood School. Values that are 
significantly different will have a p-value of < 0.05 the only significantly different sets occur between Modern shell 
δ18O values and δ18O values from within and above the Jules Geosol. 
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Appendix A 
 
New Cottonwood School Data 
 
Magnetic susceptibility 
Depth (cm) Age Error Avg. MS NCSA NCSB 
92 20463.9 281.4 38.51 38.51  
102 20567.5 280.3 34.88 34.88  
112 20671.3 279.2 38.19 38.19  
122 20774.1 278.8 38.61 38.61  
133 20890.7 278.8 38.18 38.18  
143 20992.8 272.0 37.33 37.33  
153 21102.4 266.7 39.42 39.42  
163 21196.9 256.8 33.97 33.97  
173 21276.2 251.9 34.62 34.62  
183 21350.5 246.2 35.92 35.92  
194 21433.2 240.9 33.02 33.02  
204 21509.3 236.3 29.87 29.87  
214 21572.8 233.5 30.59 30.59  
224 21636.9 229.1 32.39 32.39  
234 21697.0 226.4 34.59 34.59  
244 21767.7 222.9 26.43 29.17 23.68 
255 21844.3 221.8 26.88 31.09 22.67 
265 21911.1 225.5 22.00 24.32 19.67 
275 22021.3 235.2 24.64 26.56 22.73 
285 22108.8 220.2 25.53 26.39 24.66 
295 22309.0 255.0 25.43 26.92 23.94 
305 22606.4 353.8 25.35  25.35 
315 22874.9 393.4 28.68  28.68 
326 23165.0 403.2 26.67  26.67 
336 23435.1 371.0 24.24  24.24 
345 23736.3 294.0 27.33  27.33 
356 23808.8 291.0 22.14  22.14 
366 23882.2 286.2 25.71  25.71 
376 23961.1 280.7 29.17  29.17 
387 24047.0 279.5 24.29  24.29 
397 24133.7 284.4 25.35  25.35 
407 24217.6 281.5 25.00  25.00 
417 24299.5 285.3 21.13  21.13 
427 24389.5 295.0 22.15  22.15 
437 24480.6 305.9 21.53  21.53 
448 24577.8 317.1 20.13  20.13 
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Particle Size (ratio) 
Depth (cm) Age Error 
Particle Size  
(31.1-12.7 µm)/(11.2-1.2 µm) 
92 20463.9 281.4 4.54 
102 20567.5 280.3 4.40 
112 20671.3 279.2 3.73 
122 20774.1 278.8 2.97 
133 20890.7 278.8 5.73 
143 20992.8 272.0 3.36 
153 21102.4 266.7 2.64 
163 21196.9 256.8 3.62 
173 21276.2 251.9 5.67 
183 21350.5 246.2 3.66 
194 21433.2 240.9 4.52 
204 21509.3 236.3 3.88 
214 21572.8 233.5 3.64 
224 21636.9 229.1 5.36 
234 21697.0 226.4 4.63 
244 21767.7 222.9 4.32 
255 21844.3 221.8 7.71 
265 21911.1 225.5 2.12 
275 22021.3 235.2 2.72 
285 22108.8 220.2 2.30 
295 22309.0 255.0 2.91 
305 22606.4 353.8 3.87 
315 22874.9 393.4 2.47 
326 23165.0 403.2 2.76 
336 23435.1 371.0 4.48 
345 23736.3 294.0 3.62 
356 23808.8 291.0 4.03 
366 23882.2 286.2 3.61 
376 23961.1 280.7 3.55 
387 24047.0 279.5 3.97 
397 24133.7 284.4 3.58 
407 24217.6 281.5 5.28 
417 24299.5 285.3 4.77 
427 24389.5 295.0 3.44 
437 24480.6 305.9 3.91 
448 24577.8 317.1 4.08 
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Particle Size (Percentage by Grain Size Class) 
Depth	(cm) %	Clay	 
%	Very	
Fine	
Silt 
%	Fine	
Silt	 
%	Medium	
Silt 
%	Coarse	
Silt	 
%	Very	
Fine	
Sand Total 
92 3.3 3.7 14.6 39.3 37.4 1.7 100 
102 3.3 3.8 15.1 38.7 36.8 2.3 100 
112 4.0 4.5 16.7 38.7 34.7 1.5 100 
122 5.1 5.8 20.5 38.4 29.2 1.1 100 
133 2.6 2.8 12.0 38.0 40.6 3.9 100 
143 4.7 5.3 22.6 41.9 25.5 0.0 100 
153 5.6 6.7 23.9 38.9 24.7 0.2 100 
163 3.9 4.7 16.5 37.9 35.0 2.0 100 
173 3.0 3.0 12.6 40.8 39.6 1.1 100 
183 4.0 4.5 16.0 37.7 35.8 2.0 100 
194 3.1 3.5 13.6 37.1 39.1 3.7 100 
204 3.7 4.2 17.5 39.0 34.0 1.6 100 
214 4.0 4.5 19.5 39.4 30.9 1.6 100 
224 2.8 2.9 13.2 38.8 39.6 2.7 100 
234 3.3 3.5 15.9 40.0 35.5 1.8 100 
244 3.6 3.8 16.9 40.3 34.0 1.5 100 
255 2.3 2.0 12.1 42.0 39.8 1.8 100 
265 34.8 5.8 15.1 24.1 19.2 1.0 100 
275 5.2 6.5 19.5 36.9 30.3 1.6 100 
285 6.2 7.6 21.8 35.9 26.9 1.6 100 
295 4.4 5.5 18.7 37.2 31.4 2.3 99 
305 3.9 4.4 16.6 39.2 34.1 2.0 100 
315 32.7 5.2 15.7 26.2 19.2 1.1 100 
326 32.3 4.5 14.4 26.5 21.2 1.1 100 
336 3.3 4.0 15.9 40.7 35.0 1.1 100 
345 3.8 4.9 18.2 39.2 32.3 1.6 100 
356 3.1 4.2 22.6 42.1 27.3 0.6 100 
366 3.2 4.9 20.3 39.1 30.9 1.7 100 
376 3.6 5.0 17.2 37.9 34.3 2.1 100 
387 3.2 4.2 16.6 37.9 35.4 2.8 100 
397 3.5 4.8 19.6 38.7 31.5 1.9 100 
407 2.2 3.2 15.0 39.1 38.0 2.6 100 
417 2.5 3.6 18.4 41.2 33.1 1.2 100 
427 3.5 5.3 21.6 39.8 28.6 1.2 100 
437 3.3 4.4 18.4 39.4 32.7 1.7 100 
448 2.9 4.2 20.0 40.4 31.0 1.5 100 
 
 
	 70	
 
 
Clay mineralogy 
Depth (cm) Age Error 
Expandable 
Clays Illite Kaolinite Chlorite 
97 20515.7 280.9 34% 54% 6% 5% 
127 20828.6 277.8 31% 55% 8% 5% 
157 21145.4 259.8 37% 51% 6% 5% 
188 21388.1 242.1 33% 54% 7% 6% 
218 21599.2 230.7 27% 61% 6% 6% 
249 21803.9 222.7 19% 69% 6% 6% 
270 21943.3 224.0 34% 53% 7% 6% 
289 22166.7 219.2 30% 56% 8% 7% 
310 22738.3 376.9 38% 50% 6% 6% 
331 23298.8 394.3 31% 57% 6% 6% 
362 23852.5 289.6 18% 67% 7% 8% 
392 24089.5 281.6 22% 62% 8% 8% 
424 24362.5 291.3 17% 70% 6% 7% 
453 24625.2 324.4 27% 59% 6% 7% 
 
Shell Isotopes 
Depth (cm) Age Error δ13C δ18O 
106 20609.0 279.8 -6.48 0.33 
107 20619.5 279.8 -6.62 0.82 
137 20933.3 273.3 -6.79 -1.57 
138 20942.7 274.6 -6.75 -0.37 
157 21145.4 259.8 -6.11 -0.15 
168 21238.0 255.0 -6.63 -0.15 
169 21245.2 253.8 -7.26 -0.27 
170 21253.5 252.2 -6.47 -0.44 
199 21472.0 239.9 -5.90 1.28 
200 21479.8 238.3 -8.20 0.70 
211 21553.4 234.4 -6.21 -0.12 
230 21672.0 226.8 -6.16 0.58 
246 21781.8 222.3 -6.28 0.98 
259 21870.9 222.9 -5.73 -0.74 
260 21877.3 222.9 -7.67 0.88 
276 22027.9 233.3 -6.45 -0.43 
278 22041.8 232.8 -6.91 -0.25 
279 22050.9 229.9 -6.81 -0.65 
285 22108.8 220.2 -6.94 0.54 
289 22166.7 219.2 -6.82 -0.63 
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Shell isotopes (cont.) 
290 22185.5 220.0 -7.23 0.00 
291 22207.9 224.9 -6.79 1.05 
292 22229.0 234.7 -5.04 -0.37 
313 22818.8 400.5 -5.86 0.32 
314 22845.7 396.9 -5.46 -0.09 
338 23486.4 372.8 -7.49 0.81 
339 23518.5 357.9 -7.36 0.03 
352 23780.6 286.6 -5.67 0.18 
364 23868.1 288.1 -6.42 0.14 
379 23983.8 278.8 -6.06 -0.17 
380 23991.9 278.3 -5.64 -0.18 
381 23999.9 279.6 -5.49 0.05 
382 24006.9 279.9 -7.16 0.89 
383 24014.8 279.7 -5.12 0.34 
384 24022.4 279.6 -6.14 1.33 
389 24064.3 279.5 -6.10 -0.79 
390 24073.4 278.5 -6.01 0.83 
 
Thomas Quarry Data 
 
Magnetic Susceptibility 
Height  
above  
Roxana Age Error Avg MS 
 
 
TQA 
 
 
TQB 
555 21618.8 262.3 44.74  44.74 
538 21792.1 264.8 40.63  40.63 
513 22292.5 414.1 39.58  39.58 
488 23139.3 433.4 36.88  36.88 
463 23901.7 250.0 32.35  32.35 
455 23947.4 244.7 30.90  30.90 
445 24051.0 237.6 30.41  30.41 
435 24175.3 235.9 29.67  29.67 
425 24305.0 240.7 28.82  28.82 
415 24431.6 238.5 35.14  35.14 
405 24559.7 228.2 47.18  47.18 
395 24664.9 225.8 57.71 53.62 61.81 
385 24762.5 227.2 58.93 57.33 60.53 
375 24864.2 225.9 58.00 56.00 60.00 
365 24970.7 225.3 61.24 57.67 64.80 
355 25065.8 224.5 54.38 53.29 55.48 
345 25158.9 224.5 56.13 54.06 58.21 
 
Magnetic Susceptibility (cont.) 
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335 25251.1 218.9 57.52 56.25 58.78 
325 25344.1 208.9 58.85 58.80 58.90 
315 25440.5 210.0 57.45 55.88 59.03 
305 25541.3 218.9 56.33 56.17 56.49 
295 25640.5 222.0 55.41 55.41  
285 25738.5 223.1 52.78 52.78  
275 25835.9 228.0 57.39 57.39  
265 25934.8 227.5 59.86 59.86  
255 26031.7 221.0 60.87 60.87  
245 26136.7 223.7 64.18 64.18  
235 26247.4 246.1 62.67 62.67  
225 26354.4 264.7 63.16 63.16  
215 26465.4 279.3 61.64 61.64  
205 26576.4 297.1 63.38 63.38  
195 26688.2 309.7 62.32 62.32  
185 26798.3 320.6 69.57 69.57  
175 26906.7 326.7 66.91 66.91  
165 27015.6 332.8 66.15 66.15  
155 27112.5 337.4 69.18 69.18  
145 27200.6 333.3 64.86 64.86  
135 27288.7 328.2 56.62 56.62  
125 27376.5 320.5 57.04 57.04  
115 27465.7 310.3 47.92 47.92  
105 27553.2 303.4 45.65 45.65  
95 27641.8 293.1 46.97 46.97  
85 27730.0 285.4 49.32 49.32  
75 27818.4 277.9 50.00 50.00  
 
Particle Size (ratio) 
Height above Roxana Age Error Particle Size (60-20 µm/<20 µm) 
555 21618.8 262.3 2.40 
538 21792.1 264.8 4.02 
513 22292.5 414.1 2.88 
488 23139.3 433.4 1.45 
463 23901.7 250.0 4.52 
455 23947.4 244.7 2.47 
445 24051.0 237.6 3.35 
435 24175.3 235.9 2.60 
425 24305.0 240.7 2.98 
415 24431.6 238.5 4.94 
405 24559.7 228.2 2.45 
395 24664.9 225.8 4.04 
Particle Size (ratio; cont.) 
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385 24762.5 227.2 4.94 
375 24864.2 225.9 3.68 
365 24970.7 225.3 6.31 
355 25065.8 224.5 4.92 
345 25158.9 224.5 3.39 
335 25251.1 218.9 4.82 
325 25344.1 208.9 4.72 
315 25440.5 210.0 3.62 
305 25541.3 218.9 3.15 
295 25640.5 222.0 4.21 
285 25738.5 223.1 4.14 
275 25835.9 228.0 5.41 
265 25934.8 227.5 3.80 
255 26031.7 221.0 6.03 
245 26136.7 223.7 7.17 
235 26247.4 246.1 5.51 
225 26354.4 264.7 4.94 
215 26465.4 279.3 3.74 
205 26576.4 297.1 3.49 
195 26688.2 309.7 3.11 
185 26798.3 320.6 2.20 
 
Particle Size (Percentage by Grain Size Class) 
Height 
above 
Roxana % Clay 
% Very 
Fine 
Silt 
% Fine 
Silt 
% Medium 
Silt 
% Coarse 
Silt 
% Very 
Fine 
Sand Total 
555 3.4 5.0 11.7 28.2 37.6 7.6 93.5 
538 2.3 3.3 7.6 28.5 47.1 9.4 98.2 
513 2.8 3.7 11.9 34.1 41.3 5.7 99.5 
488 4.2 6.7 21.4 34.7 29.6 3.0 99.6 
463 1.3 2.4 7.2 29.2 44.1 8.2 92.2 
455 2.5 4.3 14.6 35.7 38.9 4.0 100.0 
445 2.1 3.4 10.6 33.6 44.2 6.0 100.0 
435 2.2 3.1 12.8 33.4 34.8 4.0 90.4 
425 1.9 2.3 13.4 39.6 39.1 3.2 99.5 
415 1.3 1.5 7.1 34.4 44.2 5.3 93.9 
405 2.7 3.5 14.8 36.4 37.6 4.5 99.6 
395 1.9 2.6 8.9 35.0 46.0 5.3 99.7 
385 1.6 2.4 8.2 33.9 46.3 6.2 98.6 
375 2.0 3.1 9.6 32.2 44.8 7.4 99.1 
365 1.4 2.2 5.7 31.6 50.0 7.7 98.5 
355 1.5 2.5 6.5 30.4 47.7 8.3 97.0 
Particle Size (Percentage by Grain Size Class; cont.)	
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345 2.3 3.4 10.6 33.9 44.1 5.6 99.9 
335 1.8 2.5 6.9 31.8 48.3 7.9 99.2 
325 1.9 2.5 7.3 32.3 48.0 8.0 99.9 
315 2.4 2.9 9.9 34.7 44.3 5.7 99.9 
305 2.3 2.8 9.3 32.5 43.2 7.1 97.3 
295 2.0 2.6 8.0 32.5 46.5 7.3 98.9 
285 1.9 2.3 8.3 33.6 44.5 5.9 96.5 
275 1.4 2.2 5.9 30.1 49.2 8.8 97.7 
265 1.9 2.8 9.5 34.2 45.3 6.2 99.8 
255 1.3 2.1 5.3 31.7 50.7 7.8 99.0 
245 1.2 2.0 4.1 30.1 52.5 9.0 98.8 
235 1.5 2.2 6.0 32.1 50.0 7.7 99.4 
225 1.5 2.4 6.6 30.5 48.0 8.3 97.5 
215 2.2 2.9 8.8 31.3 44.4 7.7 97.3 
205 2.3 3.0 10.2 34.9 44.2 5.4 100.0 
195 2.2 3.3 11.5 33.9 42.6 6.5 100.0 
185 2.9 4.4 16.0 35.1 36.9 4.8 100.0 
175 3.3 4.7 14.7 35.2 38.0 4.1 100.0 
165 3.7 4.7 15.7 38.0 36.1 2.0 100.0 
155 1.5 2.2 4.9 29.8 51.5 9.1 99.0 
145 2.5 3.2 10.6 35.0 43.9 4.8 100.0 
135 1.9 3.0 8.2 31.3 47.9 7.6 99.8 
125 2.1 3.2 9.5 33.8 45.9 5.5 100.0 
115 1.6 2.6 8.5 33.6 47.2 6.5 100.0 
105 1.4 2.2 7.8 34.7 47.9 6.0 100.0 
95 1.5 2.5 8.6 33.7 47.2 6.5 100.0 
85 2.6 3.7 15.3 36.6 37.9 4.0 100.0 
75 1.7 2.5 10.0 34.4 44.4 6.1 99.2 
 
Shell Isotopes 
Height above Roxana Age Error δ13C δ18O 
513 22292.5 414.1 -7.16 0.02 
439 24123.8 236.8 -6.97 -0.10 
438 24136.6 239.1 -7.02 0.25 
425 24305.0 240.7 -5.92 0.55 
413 24457.4 242.7 -7.33 0.84 
400 24615.1 225.9 -5.50 1.88 
391 24703.7 227.1 -5.33 0.77 
390 24713.4 227.1 -7.45 0.75 
388 24733.1 231.3 -6.20 1.16 
356 25056.7 224.3 -6.92 0.84 
355 25065.8 224.5 -6.76 0.49 
Shell Isotopes (cont.) 
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350 25112.3 225.0 -6.36 1.67 
345 25158.9 224.5 -6.81 1.17 
329 25307.9 213.7 -7.38 2.27 
328 25316.8 214.3 -7.11 2.29 
326 25335.0 210.1 -6.87 1.89 
325 25344.1 208.9 -6.88 1.14 
313 25460.5 216.0 -6.90 1.29 
301 25580.5 222.8 -5.63 2.22 
300 25590.3 223.0 -6.94 1.83 
285 25738.5 223.1 -5.40 1.80 
248 26104.9 221.7 -6.28 2.41 
210 26520.6 290.2 -5.50 1.76 
205 26576.4 297.1 -4.73 1.57 
164 27026.1 335.1 -5.62 1.52 
163 27036.7 337.8 -5.82 1.75 
135 27288.7 328.2 -5.64 1.06 
120 27421.6 316.0 -6.61 1.64 
113 27482.8 310.7 -4.82 1.12 
75 27818.4 277.9 -5.91 1.95 
 
Mutual Climatic Range 
Species 
Range 
Extent Latitude Longitude Mean July T (°C) 
Stenotrema hirsutum Northern 48.14 -88.55 17.65 
 
Southern 31.83 -85.78 27.16 
Discus whitneyi Northern 55.75 -97.84 16.08 
 
Southern 35.30 -90.80 27.49 
Vertigo modesta Northern 58.58 -93.54 12.89 
 
Southern 44.39 -80.11 19.66 
Vertigo eliator Northern 58.58 -93.54 12.89 
 
Southern 38.60 -83.30 23.47 
Carychium exile  Northern 52.87 -99.05 18.34 
 
Southern 27.75 -80.44 27.78 
Nesovitrea electrina Northern 54.12 -99.16 18.13 
 
Southern 30.46 -91.14 27.90 
Punctum minutissium Northern 55.83 -97.88 16.08 
 
Southern 28.17 -82.44 27.45 
Euconolus fulvus Northern 58.73 -94.12 12.32 
 
Southern 29.66 -82.45 27.27 
Columella alticola Northern 58.70 -93.55 12.89 
 
Southern 48.80 -88.00 16.96 
Webhelix multilineata Northern 46.84 -89.44 18.37 
 
Southern 34.50 -90.80 27.89 
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Mutual Climatic Range (cont.) 
 
Hendersonia occulta Northern 46.15 -86.87 18.55 
 
Southern 31.77 -90.97 27.46 
Zointoides arboreus Northern 53.64 -99.34 18.01 
 
Southern 24.57 -81.59 28.53 
Stenotrema leai Northern 46.91 -88.04 17.99 
 
Southern 28.88 -95.38 28.46 
Anguispira alternata Northern 48.66 -96.67 19.34 
 
Southern 30.47 -84.18 27.58 
Vertigo Hubrichti Northern 55.20 -98.32 16.87 
 
Southern 42.14 -90.60 22.97 
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Appendix B 
 
NCSLoess		
C:\ProgramData\Malvern	Instruments\Mastersizer	3000\Workspace\SOP\NCSLoess.msop	    
  
   
 Sample	identification  
  
Sample	identifiers  
  
Sample	Name:	New	Cottonwood	School	Loess 
  
  
   
 Particle	Type   
  
Non-spherical	particle	mode  
  
Yes 
  
Is	Fraunhofer	type 
  
No  
  
  
   
 Material	properties   
  
Material	name  
  
Silica	(RI	1.544,	AI	0.0) 
  
Refractive	index  
  
1.544  
  
Absorption	index  
  
0.000  
  
Particle	density 
  
1.00	g/cm³ 
  
Different	optical	properties	in	blue	light  
  
No  
  
  
   
 Dispersant	properties   
  
Dispersant	name 
  
Water 
  
Refractive	index  
  
1.330  
  
Level	sensor	threshold  
  
100.000  
  
  
   
   
   
 Measurement	duration   
  
Background	measurement	duration	(red) 
  
50.00	s 
  
Sample	measurement	duration	(red) 
  
50.00	s 
  
Perform	blue	light	measurement? 
  
No  
  
Assess	light	background	stability  
  
No  
  
  
   
 Measurement	sequence   
  
Aliquots 
  
1 
  
Automatic	number	of	measurements 
  
No  
  
Number	of	measurements 
  
5 
  
Delay	between	measurements 
  
60.00	s 
  
Pre-measurement	delay 
  
30.00	s 
  
  
   
 Measurement	obscuration	settings   
  
Auto	start	measurement 
  
No  
  
Obscuration	low	limit 
  
0.10	%  
  
Obscuration	high	limit 
  
20.00	%  
  
Enable	obscuration	filtering 
  
No  
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 NCSLoess (cont.) 
 
 Accessory	control	settings   
  
Accessory	name 
  
Hydro	MV  
  
Is	accessory	dry? 
  
No  
  
Stirrer	speed  
  
3200	rpm  
  
Ultrasound	percentage 
  
10	%  
  
Manual	tank	fill?  
  
No  
  
Degas	after	tank	and	cell	fill 
  
Yes 
  
Sonicate	to	stability?  
  
No  
  
Ultrasound	mode 
  
Continuous	(From	Sample	Addition) 
  
  
   
 Clean	sequence	settings  
  
Clean	sequence	type 
  
Normal 
  
Sonicate	during	clean?  
  
No  
  
  
   
 Analysis	settings   
  
Analysis	model 
  
General	Purpose  
  
Single	result	mode  
  
No  
  
Number	of	killed	inner	detectors 
  
0 
  
Blue	light	detectors	killed  
  
No  
  
Fine	powder	mode 
  
No  
  
Analysis	sensitivity  
  
Normal 
  
Analysed	as	Mastersizer	3000E?  
  
No  
  
  
   
 Result	Settings   
  
Result	range	is	limited  
  
No  
  
Result	Units 
  
Volume  
  
Extend	Result 
  
No  
  
Result	Emulation  
  
No  
  
  
   
 User	sizes	for	histograms	and	tables  
  
Use	user	sizes 
  
No  
  
  
   
 Data	export	output   
  
Enabled? 
  
Yes 
  
Orientation  
  
Column  
  
File	format 
  
Comma-separated	(CSV) 
  
Include	header	row? 
  
No  
  
Format?  
  
No  
  
Overwrite? 
  
Overwrite 
  
Parameters 
  
File	Name,Record	Number,Concentration,D	
[4,3],Dx	(50),Fit	to	Sample	Data,Raw	Sample	
Data,Result	In	Range		(0.1,99.9)	μm,Result	In	Sizes 
  
Filename 
  
File	Name.csv 
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NCSLoess (cont.) 
 
 
 Averaging   
  
Averaging	enabled? 
  
No  
  
  
   
 Printing	options   
  
Printing	enabled?  
  
No  
  
  
   
   
   
   
  
 Date:	4/7/2016	10:08:53	PM  Mastersizer	software	v3.0.1402.140  Malvern	Instruments	Ltd 
